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PREFACE 

This  book  is  intended  as  a  text  for  the  beginning  student  in  ento- 
mology and  also  as  a  guide  or  reference  book  for  practical  farmers 
gardeners,  fruit  growers,  farm  advisers,  physicians,  and  general  readers 
who  desire  up-to-date  and  reliable  information  about  the  many  kinds  of 
insect  pests.  It  is  the  outgrowth  of  twenty-five  years  of  practical  ento- 
mological work  in  combating  destructive  insects,  on  the  part  of  one  of 
the  authors;  and  fifteen  years'  experience  in  teaching  large  classes  of 
university  students  of  entomology,  by  the  other  author.  It  aims  to 
present  what  the  authors  believe  to  be  the  essentials  of  economic  ento- 
mology, in  language  which  any  reader  can  understand. 

As  a  textbook,  it  is  adapted  to  the  two  types  of  introductory  courses 
commonly  given  in  American  universities  and  colleges.  In  the  first  ten 
chapters,  enough  of  the  fundamentals  of  technical  entomology  is  given  to 
serve  as  a  basis  for  further  special  study  in  the  subject  or  for  students 
of  biology  who  desire  an  introduction  to  entomology.  The  later  chapters 
of  the  book  are  devoted  to  an  analysis  of  the  more  important  insect  pests 
of  the  major  crops  in  the  continental  United  States  and  southern  Canada. 
It  is  hoped  that  these  discussions  will  be  a  ready  reference  for  the  practical 
worker  who  wishes  to  determine  particular  pests  and  learn  their  control ; 
and  serve  classes  seeking  a  broad  course  in  applied  entomology,  as  a  part 
of  an  agricultural  education.  Material  enough  is  available  so  that,  by 
selection  on  the  part  of  the  teacher,  practical  courses  adapted  to  the  needs 
of  a  great  variety  of  special  classes,  or  different  sections  of  the  country, 
may  be  given. 

A  table  or  key  to  help  the  student  or  practical  worker  to  identify  a 
particular  pest,  when  the  plant  or  animal  attacked  is  known,  introduces 
each  chapter  in  the  latter  part  of  the  book.  In  the  discussion  of  the 
several  pests,  a  uniform  system  has  been  followed:  first,  the  recognition 
marks  and  type  of  injury;  second,  a  brief  statement  of  the  life  history, 
with  descriptions  of  the  stages  and  significant  habits;  third,  the  control 
measures  known  or  believed  to  be  practical;  and  fourth,  a  few  references, 
which  may  serve  in  part  to  acknowledge  our  indebtedness  to  our  many 
colleagues  in  entomological  work  and  also  to  point  the  reader  to  more 
extensive  sources  of  information.  In  giving  control  measures  we  have 
rigorously  selected  only  those  which  appear  to  have  been  tried  and  proved 
effective.  On  account  of  the  limitations  of  space,  the  natural  enemies 
of  the  various  species  are  discussed  only  where  they  have  been  of  especial 
significance  in  control.     In  discussing  the  life  cycle,  the  overwintering 

vii 


viii  PREFACE 

Btage  forms  the  Btarting  poinl  in  all  cases.  Unless  otherwise  Btated  the 
dates  given  are  based  on  observations  in  centra]  Illinois. 

In  an  endeavor  to  avoid  as  many  errors  as  possible,  the  authors  have 
submitted  the  several  chapters  of  manuscript  to  authorities  in  their 

special  fields.  We  desire  to  thank  the  following  persons  for  their  invalu- 
able aid  in  criticising  parts  of  the  book  and  in  furnishing  illustrations. 
A.  J.  Ackerman,  George  Ainslie,  E.  A.  Rack,  W.  V.  Balduf,  J.  II.  Bigger, 
F.  C.  Bishopp,  Fred  E.  Brooks,  A.  F.  Burgess,  D.  J.  Caffrey,  B.  R.  Coad. 
C.  C.  Compton,  R.  A.  Cooley,  J.  J.  Davis,  George  A.  Dean,  J.  E.  Dudley, 
E.  0.  Essig,  F.  A.  Fenton,  C.  L.  Fluke,  T.  H.  Frison,  B.  B.  Fulton,  Hugh 
Glasgow,  R.  D.  Glasgow,  P.  A.  Glenn,  J.  E.  Graf,  Fay  Guyton,  Leonard 
Baseman,  W .  P.  Hayes,  W.  B.  Herms,  J.  S.  Houser,  Neale  F.  Howard, 
J.  A.  Hyslop,  M.  C.  Lane,  W.  H.  Larrimer,  Philip  Luginbill,  A.  E.  Mac- 
Gregor,  S.  Marcovitch,  J.  W.  McCulloch,  Z.  P.  Metcalf,  Herbert  Osborn, 
T.  H.  Parks,  P.  J.  Parrott,  Edith  M.  Patch,  Antonio  M.  Paterno,  Alva 
Peterson,  R.  H.  Pettit,  W.  J.  Phillips,  B.  A.  Porter,  H.  J.  Quayle,  George 
I.  Reeves,  G.  A.  Runner,  H.  H.  Severin,  Franklin  Sherman,  Loren  B. 
Smith,  J.  R.  Watson,  R.  L.  Webster,  C.  A.  Weigel,  V.  L.  Wildermuth, 
and  H.  N.  Worthley. 

Grateful  acknowledgment  for  the  illustrations  is  made  in  connection 
with  each  figure. 

The  authors  will  be  grateful  to  any  readers  who  will  advise  them  of 
errors  or  criticisms  that  come  to  their  attention. 

C.  L.  Metcalf. 
\Y.  P.  Flint. 
Ukbana,  Illinois 
August,  1928. 
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DESTRUCTIVE  AND  USEFUL 

INSECTS 

CHAPTER  I 
INSECTS  AS  ENEMIES  OF  MAN 

The  struggle  between  man  and  insects  began  long  before  the  dawn  of  civi- 
lization, has  continued  without  cessation  to  the  present  time,  and  will  con- 
tinue, no  doubt,  as  long  as  the  human  race  endures.  It  is  due  to  the  fact  that 
both  men  and  certain  insect  species  constantly  want  the  same  things  at  the  same 
time.  Its  intensity  is  owing  to  the  vital  importance  to  both,  of  the  things 
t  hey  struggle  for,  and  its  long  continuance  is  due  to  the  fact  that  the  contestants 
are  so  equally  matched.  We  commonly  think  of  ourselves  as  the  lords  and 
conquerors  of  nature,  but  insects  had  thoroughly  mastered  the  world  and  taken 
full  possession  of  it  long  before  man  began  the  attempt.  They  had,  conse- 
quently, all  the  advantage  of  a  possession  of  the  field  when  the  contest  began, 
and  they  have  disputed  every  step  of  our  invasion  of  their  original  domain  so 
persistently  and  so  successfully  that  we  can  even  yet  scarcely  flatter  ourselves 
that  we  have  gained  any  very  important  advantage  over  them.  Here  and 
there  a  truce  has  been  declared,  a  treaty  made,  and  even  a  partnership  estab- 
lished, advantageous  to  both  parties  of  the  contract — as  with  the  bees  and  silk- 
worms, for  example;  but  wherever  their  interests  and  ours  are  diametrically 
opposed,  the  war  still  goes  on  and  on  and  neither  side  can  claim  a  final  victory. 
If  they  want  our  crops  they  still  help  themselves  to  them.  If  they  wish  the 
blood  of  our  domestic  animals,  they  pump  it  out  of  the  veins  of  our  cattle  and 
our  horses  at  their  leisure  and  under  our  very  eyes.  If  they  choose  to  take  up 
their  abode  with  us  we  can  not  wholly  keep  them  out  of  the  houses  we  live  in. 
We  can  not  even  protect  our  very  persons  from  their  annoying  and  pestiferous 
attacks,  and  since  the  world  began  we  have  never  yet  exterminated — we  prob- 
ably never  shall  exterminate — so  much  as  a  single  insect  species.  They  have 
in  fact,  inflicted  upon  us  for  ages  the  most  serious  evils  without  our  even  know- 
ing it.1 

It  is  difficult  to  understand  the  long-time  comparative  indifference  of  the 
human  species  to  the  insect  danger  .  .  .  Men  and  nations  have  always  strug- 
gled among  themselves.  But  .  .  .  there  is  a  war,  not  among  human  beings, 
but  between  all  humanity  and  certain  forces  that  are  arrayed  against  it.  Man 
.  .  .  has  subdued  or  turned  to  his  own  use  nearly  all  kinds  of  living  creature's. 
There  arc  still  remaining,  however,  the  bacteria  and  protozoa  that  cause  dis- 

e  and  the  enormous  forces  of  injurious  insects  which  attack  him  from  every 
.point  and  which  constitute  today  his  greatest  rivals  in  the  control  of  nature. 

1  Fouhks:  "The  Insect,  the  Farmer,  the  Teacher,  the  Citizen,  and  the  State" 
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.  .  .  If  human  beings  arc  t<>  continue  t"  exi  t,  bhey  must  firet  gain  mas- 
tery over  insects  .  .  .  [nsects  in  this  country  continually  nullify  the  labor 
of  one  million  men.  insects  are  better  equipped  to  occupy  the  earth  than  are 
humans,  baving  been  on  the  earth  for  fifty  million  years,  while  the  human  race 
is  but  five  hundred  thousand  years  old.1 

To  some  readers  who  have  neither  experienced,  nor  witnessed,  any 
great  injury  by  insects,  these  statements  may  sound  extreme.  Most 
of  us,  however,  have  learned  to  appreciate  the  potentialities  for  destruc- 
tion of  at  least  a  few  kinds  of  insects  when  we  have  seen  army  worms 
completely  devour  a  field  of  corn,  or  scale  insects  destroy  an  orchard,  or 
weevils  consume  and  pollute  a  bin  of  grain,  or  clothes  moths  ruin  val- 
uable garments.  Few,  who  have  not  studied  the  matter  carefully,  will 
have  any  idea  how  many  and  how  varied  are  the  ways  in  which  these 
minute  creatures  injuriously  affect  us. 

THE  WAYS  IN  WHICH  INSECTS  ARE  INJURIOUS  TO  MAN 

.4.   They  injure  till  hinds  of  growing  crops  and  other  valuable  plants: 

1.  By  chewing  the  foliage,  stem,  bark  or  fruit  of  the  plant. 

2.  By  sucking  the  sap  of  the  plant. 

3.  By  boring  or  tunneling  in  fruits,  stems  or  leaves  (internal  insects). 

4.  By  attacking  the  roots  or  underground  stems  (subterranean  insects). 

5.  By  laying  their  eggs  in  some  part  of  the  plant. 

6.  By  using  parts  of  the  plant  for  the  construction  of  nests  or  shelters. 

7.  By  carrying  other  insects  to  the  plant  and  establishing  them  there. 

8.  By  carrying  the  organisms  of  plant  diseases  (fungi,  bacteria,  and  protozoa) 
and  injecting  them  into  the  tissues  of  the  plant,  or  making  wounds  through  which 
such  disease  organisms  may  gain  entrance. 

B.  They  attack  and  annoy  man  and  other  living  animals: 

1.  By  Hying  about  or  crawling  over  the  animals;  by  laying  eggs  on  their  bodies; 
by  entering  the  eyes,  ears,  alimentary  canal  or  nostrils;  by  the  repulsive  odors  or  bad 
tastes  of  their  bodies  or  their  secretions  in  foods  or  on  tableware;  by  the  decomposition 
of  their  dead  bodies. 

2.  By  their  venoms  which  may  be  injected  into  the  body  of  their  victim  by  a 
stinger,  by  the  mouth  parts,  or  by  nettling  hairs;  or  introduced  when  the  insect  is 
eaten  or  accidentally  swallowed;  or  applied  to  the  skin  as  a  caustic  or  corrosive  fluid. 

3.  By  living  on  or  in  the  body  as  external  or  internal  parasites. 

4.  By  carrying  other  parasites  (disease  germs,  bacteria,  protozoa,  parasitic  worms) 
on  or  in  their  bodies  and  infecting  man  or  his  domesticated  animals  with  them. 

5.  By  serving  as  essential  hosts  for  the  causal  organisms  of  certain  diseases  which, 
without  the  insect,  could  not  continue  to  exist. 

C.  They  destroy  or  depreciate  the  value  of  stored  products  and  possessions  including 
food,  clothing,  drugs,  animal  and  plant  collections,  paper,  books,  furniture,  bridges, 
buildings,  mine  timbers,  telephone  poles,  telegraph  lines,  railroad  ties,  trestles,  etc.: 

1.  By  devouring  these  things  as  their  food. 

2.  By  contaminating  them  with  their  secretions,  their  excretions,  their  eggs  or 
their  own  bodies,  even  though  the  product  may  not  be  eaten. 

3.  By  seeking  protection  or  building  tunnels  or  nests  within  or  on  these  substances. 

4.  By  increasing  the  labor  and  expense  of  packing,  preserving,  and  sorting  foods. 
1  Howard:  "  The  War  against  Insects"  and  other  writings. 
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A.  INSECT  INJURY  TO  GROWING  PLANTS 

Nearly  all  the  injury  that  insects  do,  results  directly  or  indirectly 
from  their  attempts  to  secure  food.  They  are  undoubtedly  man's  chief 
rival  for  the  available  food  supply  of  the  world.  When  an  insect  desires 
as  its  food  something  that  man  also  desires,  it  becomes  his  enemy,  and  we 
Bay  it  is  an  injurious  insect.  Because  of  the  great  numbers  of  insects 
and  their  unequalled  variety  we  find  that  there  are  one  or  more  species 
adapted  to  take  as  food,  apparently  every  kind  of  organic  material  in 
the  world — plant  or  animal,  living  or  dead,  dry  or  decomposing,  raw  or 
manufactured,  sweet  or  sour,  hard  or  soft. 

Injury  by  Chewing  Insects 

Insects  take  their  food  in  a  variety  of  ways.  A  primitive  method  is 
by  chewing  off  the  external  parts  of  a  plant,  grinding  them  up,  and 


Fig.  1. — Two  heads  of  cabbage  from  adjoining  plats.  A,  sprayed  to  protect  it  from 
inserts;  B,  not  sprayed  and  badly  injured  by  chewing  insects.  (From  Wilson  and  Gentner, 
in  Jour.  Econ.  Entomol.) 


swallowing  them,  solids  and  liquid  parts  together,  very  much  as  a  cow 
or  a  horse  grazes,  though,  of  course,  taking  infinitely  smaller  bites. 
Such  insects  we  call  charing  insects  (see  Fig.  61,  p.  111).  No  one  can 
fail  to  see  examples  of  this  injury  (Fig.  1).  Perhaps  the  best  way  to 
gain  an  idea  of  its  prevalence  is  to  seek  to  find  leaves  of  plants  absolutely 
perfect  in  their  freedom  from  such  attack.  Cabbage  worms,  army 
worms   (Fig.   61,   K),  grasshoppers   (Fig.  (31,  ('),   the  Colorado  potato 
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beetle  (Fig.  81,  J),  the  pear  slug  (Fig.  61,  //)  and  the  canker  worm  are 
common  examples  causing  injury  by  chewing.     The  common,  familiar 

Colorado  potato  beetles  find  nearly  every  potato  patch  east  of  the  Rocky 
Mountains  every  year  and,  unless  checked  by  poison,  may  soon  strip 
the  leaves  from  the  plants  and  make  the  carefully  planted  and  cultivated 
crop  a  total  failure.  Grasshoppers  have  periodically  overwhelmed 
American  farmers  from  the  earliest  pioneer  days  down  to  the  present. 
In  1923,  these  insects  completely  destroyed  the  crops  in  one  area  in 
Montana  larger  than  an  average  state  in  the  East.     Cooley  says: 

Several  counties  near  the  Canadian  boundary  were  completely  denuded. 
Many  train  loads  of  livestock  were  shipped  out  of  this  territory  because  of 
actual  lack  of  forage  to  keep  them  alive.  Numerous  farmers  lost  everything  and 
moved  out.  In  1922,  the  farmers  of  this  state  used  more  than  5,500  tons  of 
poisoned  bran  mash  to  destroy  the  grasshoppers. 

Almost  the  same  situation  has  prevailed  in  many  states  and  in  other 
years.  For  example,  in  1919,  39  counties  in  Kansas  used  4,565  tons, 
or  183  carloads,  of  bran,  83  tons  of  white  arsenic,  83,000  gallons  of 
molasses  and  498,000  lemons  in  quelling  the  severe  outbreak  of  grass- 
hoppers in  that  state.  In  1920,  the  Canadian  entomologists  directed 
the  treatment  of  more  than  1,400,000  acres  of  wheat  in  Saskatchewan 
with  the  saving  of  $20,000,000  worth  of  grain,  otherwise  certain  to 
have  been  destroyed.  Paying  a  bounty  for  dead  grasshoppers  at  the 
rate  of  60  cents  a  bushel,  one  county  in  Utah  paid  out  more  than  $5,000 
in  a  single  year,  accounting  in  this  way  for  274  tons  of  grasshoppers 
averaging  about  8,000,000  hoppers  to  the  ton. 

Army  worms,  like  grasshoppers,  appear  in  countless  numbers  in 
certain  years  and  practically  devastate  large  areas  of  the  country. 
Notable  outbreaks  of  this  kind  have  occurred  in  1743,  1861,  1896,  1914, 
and  1924.  The  numbers  of  caterpillars  that  occur  in  such  outbreaks  can 
hardly  be  overestimated.  Whole  fields  in  which  a  man  could  scarcely 
put  his  foot  to  the  ground  without  covering  ten  or  a  dozen  worms  are 
commonly  observed.  Since  these  insects  feed  chiefly  at  night,  they 
may,  unless  noticed  in  the  early  stages  of  the  outbreak,  destroy  a  farmer's 
entire  crop  before  he  has  time  to  apply  control  measures. 

Injury  by  Piercing-sucking  Insects 

A  second  very  important  way  in  which  insects  feed  on  growing 
plants  is  by  piercing  the  epidermis  and  sucking  out  the  sap  from  the 
cells  within.  In  this  case,  only  internal  and  liquid  portions  of  the  plant 
are  swallowed,  although  the  insect  itself  remains  externally  on  the  plant. 
Such  insects  we  call  piercing-sucking  insects.  Their  work  is  accomplished 
by  means  of  an  extremely  slender  and  sharp-pointed  portion  of  the 
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beak  which  is  thrust  into  the  plant  and  through  which  the  sap  is  sucked. 
This  results  in  a  very  different  Looking,  but  none  the  less  severe,  injury. 
The  hole  made  by  the  beak  is  so  small  that  it  is  never  seen,  but  the 
withdrawal  of  the  sap  results  in  either  minute  spotting  of  white,  brown, 
or  red  on  leaves,  fruit,  or  twigs;  or  curling  of  the  leaves;  or  deforming  of 
the  fruit;  or  a  general  wilting,  browning,  and  dying  of  the  whole  plant 
(Fig.  2).  Aphids,  scale  insects,  the  chinch  bug,  the  harlequin  cabbage 
bug,  leaf  hoppers  and  plant  bugs  are  well-known  examples  of  piercing- 
sucking  insects  (see  Fig.  63,  p.  116). 

Aphids  (plant  lice)  (Fig.  63,  A  and  B)  are  probably  the  most  universal 
group  of  plant-feeding  insects.  There  is  scarcely  a  kind  of  plant,  culti- 
vated or  wild,  but  what  supports  from  one  to  several  species  of  aphids, 
and  a  large  percentage  of  the  individual  plants  will  be  found  infested 
each  summer.  The  innumerable  beaks  of  these  little  pests  continuously 
pumping  sap  from  the  plants  constitute  a  very  severe  drain  on  their 
vitality.  It  curtails  growth,  and  interferes  with  the  size  and  flavor  of 
the  fruit  developed,  if,  indeed,  the  plant  is  not  killed  outright.  The  pea 
aphid,  for  example,  (Figs.  298  and  299)  caused  in  one  year,  in  Wisconsin, 
a  50  per  cent  loss  of  the  pea  crop  over  50,000  acres.  The  average  value 
of  the  crop  is  $40  to  $50  an  acre.  On  the  average,  the  loss  is  thought 
to  be  about  10  per  cent  yearly.  Even  when  the  quantity  of  the  yield 
is  not  appreciably  reduced,  the  quality  and  flavor  of  the  peas  are  depre- 
ciated, making  it  necessary  for  the  commercial  canners  to  add  more 
sugar  in  an  attempt  to  make  up  the  deficiency.  In  one  experiment  a 
specially  devised  machine  collected  11  pounds  of  these  aphids  from 
2%  acres.  It  requires  about  416,000  aphids  to  weight  1  pound.  Accord- 
ingly, there  must  have  been  in  this  field  nearly  two  million  aphids  to 
the  acre  of  peas.  The  pea  aphid  is  only  one  of  many  dozens  of  destructive 
aphids.  Any  one  of  the  following  kinds  certainly  occasions  as  great  or 
greater  annual  losses:  the  corn  root  aphid,  the  rosy  apple  aphid,  the 
woolly  apple  aphid,  the  green  bug,  or  the  melon  aphid. 

Another  sap-sucking  insect,  the  San  Jose  scale  (Fig.  63,  E  and  F),  has 
killed  tens  of  thousands  of  acres  of  fruit  trees  since  its  introduction  to 
the  eastern  states  in  1886  and  1887.  Even  in  recent  years,  when  the 
lime-sulphur  spray  has  held  it  in  check  very  generally,  it  has  proved  to 
be  seriously  destructive  in  some  sections.  For  example,  more  than  one 
thousand  acres  of  commercial  apple  orchard  were  killed  by  this  pest  in 
Illinois  alone  during  the  years  1921  and  1922. 

The  chinch  bug  (Fig.  63,  //),  since  its  first  recorded  outbreak  in  the 
United  States  in  1783,  has  destroyed  more  than  $1,000,000,000  worth  of 
grain  crops.  In  1914,  this  insect  caused  the  loss  of  more  than  $6,000,000 
worth  of  corn,  wheat,  and  oats  in  13  Illinois  counties.  There  is  scarcely 
a  year  when  the  farmers  of  the  Mississippi  Valley  do  not  have  to  reckon 
with  this  insect  in  the  production  of  their  crops. 
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These  two  groups  of  insects,  the  chewing  and  fche  piercing-sucking, 

are  the  ones  for  which  most  spraying  is  done.     Ii  would  be  difficult  to 

say  which  group  is  the  more  injurious  on  the  whole;  but  it  may  be  said 
that   the  piercing-sucking  kinds  arc  generally  more  difficult  to  control. 

Ivinn   by  Internal  Feeders 

So  long  as  an  insect  foods  externally  upon  crops,  it  can  usually  be 
destroyed  by  the  application  of  the  proper  insecticide.  But  many  of 
our  worst  pests  feed  within  the  plant  tissues  during  a  part  or  all  of  their 


Fig.  3. — Seven-inch  trunk  of  black  oak  tree  tunneled  by  larva  of  one  of  the  long-horned 
beetles.  The  broad  tunnel  in  the  inner  bark,  below,  represents  the  work  of  the  first  year  of 
the  insect's  life.      (From  Illinois  State  Natural  History  Survey.) 


destructive  stages.  They  gain  entrance  to  the  plant  either  by  having 
the  egg  thrust  into  the  tissues  by  the  sharp  ovipositor  of  the  parent 
insect,  or  by  eating  their  way  in  after  they  hatch  from  the  eggs.  In 
either  case,  the  hole  by  which  they  enter  is  almost  always  very  minute, 
often  invisible.  A  large  hole  in  a  fruit ,  sved,  nut,  twig,  or  trunk  generally 
indicates  where  the  insect  has  come  out  and  not  the  point  where  it. 
entered. 
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The  chief  groups  of  internal  feeders  are  indicated  by  their  common 
group  names:  (a)  " borers,"  (6)  " worms,"  in  fruits,  nuts  or  seeds,  (c) 
"leaf  miners, "  and  {d)  "gall  insects."  Each  group  except  the  third 
contains  some  of  the  foremost  insect  pests  of  the  world.  In  nearly  all 
of  them,  the  insect  is  internal  in  only  a  part  of  its  life  stages,  sooner  or 
later  emerging  for  a  period  of  free  living,  usually  as  adults.  This  often 
affords  an  opportunity  to  control  internal  insects  by  dusting  or  spraying 
before  their  progeny  gains  entrance  to  the  plant  again. 

Borers  (Fig.  3)  may  attack  any  plant  or  part  of  a  plant  large  enough 
to  contain  their  bodies.  Fruit  and  shade  trees  and  many  herbaceous 
plants  suffer  severely  in  this  way.  Various  bud  moths  eat  out  the 
succulent  tissues  of  swelling  buds  of  trees.  The  bark  beetles,  the  flat- 
headed  borers  and  the  peach-tree  borer  work  chiefly  in  the  vital  cambium 
layer  of  twigs  or  trunk.  The  round-headed  borers  tunnel  through  the 
heartwood,  as  well  as  the  cambium,  greatly  weakening  the  tree  and 
damaging  it  for  lumber.  The  corn  earworm  feeds  on  growing  corn 
kernels  underneath  the  husks  at  the  tip  of  the  ear.  The  European  corn 
borer  and  stalk  borers  of  several  kinds  tunnel  throughout  the  stems  of 
corn  plants  from  tassel  to  roots.  To  cite  just  one  instance  in  this  group, 
it  has  been  estimated1  that  in  its  worst  years,  more  than  70  per  cent  of 
the  ears  of  field  corn  the  country  over  are  attacked  by  the  corn  earworm, 
with  the  actual  consumption  of  from  1  to  17  per  cent  of  the  grain  in  the 
infested  ears. 

Borers  in  fruits,  including  nuts  and  seeds,  are  generally  called  worms 
or  weevils.  Notorious  examples  are  the  codling  moth  (Fig.  61,  E),  bean 
weevils,  the  cotton-boll  weevil,  the  plum  curculio,  the  melon  worm,  the 
apple  maggot  and  the  chestnut  weevil.  Sometimes  only  one  life  stage 
is  spent  in  the  fruit,  as  with  the  codling  moth  and  apple  maggot;  in 
other  cases  egg,  larva,  and  pupa  are  all  thus  concealed  from  external 
attack;  while  in  the  bean  weevil  and  granary  weevil  almost  the  entire 
life  history  is  spent  inside  the  seeds. 

The  cotton-boll  weevil  (Fig.  270)  inserts  its  eggs  into  holes  made  by 
its  long  snout  in  the  tissues  of  the  developing  bolls  from  which  the 
cotton  lint  should  later  unfold.  The  grubs  that  hatch  from  these 
eggs  devour  the  immature  lint  so  that  no  cotton  is  secured  from  the 
infested  bolls.  Entering  this  country  into  southeastern  Texas  from 
Mexico  in  1890,  by  1900  it  had  increased  and  spread  to  such  an  extent 
that  whole  counties  were  destitute.  Their  one  crop,  cotton,  having 
failed,  their  credit  was  gone;  families  became  needy;  farms  were  deserted; 
merchants  went  bankrupt;  and  banks  failed.  The  loss  increased  rapidly 
in  succeeding  years  until  it  reached  the  stupendous  sum  of  $1,000,000,000 
in  a  single  year.  The  beetle  has  spread  northward  and  eastward  at  an 
average  rate  of  about  60  miles  a  year,  until  now  all  of  the  important 

1  See  U.  S.  Dept.  Agr.,  Farmers'  Ball  872,  1922. 
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cotton-growing  stales  have  beeD  invaded  (sec  Fiji;.  271).  Recent  dis- 
coveries of  improved  methods  of  control  have  greatly  cheeked  these 

losses,  but  still  in  L923  the  cot  ton-boll  weevil  harvested  more  than  half 
of  all  the  cotton  planted  in  the  United  States.  This  one  insect  has 
collected  a  (oil  of  nearly  $3  a  year  from  every  acre  of  cotton  land  in  the 
United  States. 


Fig.  4. — A  group  of  insect  galls.  A,  goldenrod  ball  gall,  caused  by  a  fly,  Eurosta 
solidaginis  Fitch;  B,  blackberry  knot  gall,  caused  by  a  gall  wasp,  Diastrophus  nebulosus  O. 
S.;  C,  wool  sower  gall  on  oak  twig,  caused  by  a  gall  wasp,  Andricus  seminator  Harr. ;  D, 
pine  cone  gall,  a  common  growth  on  willow,  caused  by  a  gall  fly,  Rhabdophaga  strobiloides 
Walsh;  E,  dryophanta  galls  on  oak  leaf,  caused  by  a  gall  wasp,  Dryophanta  lanata  Gill: 
F,  spiny  witch-hazel  gall,  caused  by  an  aphid,  Hamamelistcs  spinosus  Shim.;  G,  spiny  rose 
gall,  caused  by  a  gall  wasp,  Rhoditcs  bicolor  Harr.  H,  oak  spangles  caused  by  a  gall  fly, 
('( cidomyia  poculum  O.  S.,  one  gall  shown  in  section  at  a;  I,  spiny  oak  gall,  caused  by  a 
gall  wasp,  Philonix  prinoides  Beutm.;  J,  large  oak  apple,  caused  by  a  gall  wasp,  Amphibolips 
confluent  Harr.      (From  Felt,  "Key  to  American  Insect  Galls,"  A".  Y.  State  Mus.  Bull.  200.) 


A  number  of  internal  feeders  are  small  enough  to  find  comfortable 
quarters  and  an  abundance  of  food  between  the  upper  and  lower  epi- 
dermis of  a  leaf  and  are  known  as  leaf  miners.  Surely  these1  are  the 
things  Lowell  had  in  mind  when  he  said  "There's  never  a  leaf  nor  a 
blade   too   mean   to   be   some   happy   creature's   palace."     Among   the 
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injurious  forms  are  the  apple  Leaf  miners,  beet  leaf  miner,  Bpinacfa  Leaf 
miner  and  many  others. 

The  gall  insects  "sting"  the  plant  and  make  it  grow  a  home  for 
them,  within  which  they  find  not  only  shelter  but  also  suitable  and 
abundant  food.  This  is  probably  the  most  marvelous  instance  in 
biology  of  the  profound  influence  exerted  over  one  organism  by  another. 
We  do  not  knew  as  yet  exactly  what  it  is  that  makes  the  plants,  when 
attacked  by  the  insect,  grow  these  curious,  often  elaborate  structures 
(Fig.  4)  that  are  absolutely  foreign  to  them  in  the  absence  of  the  gall 
insect.  A  strange  feature  of  the  work  of  gall  insects  is  that  the  same 
species  of  insect  on  different  species  of  plants  causes  galls  that  are  similar; 
while  several  species  of  insects  attacking  the  same  plant  cause  galls 
that  are  greatly  different  in  appearance.  Although  the  gall  is  entirely 
plant  tissue,  the  insect  in  some  unknown  manner  controls  and  directs 
the  form  and  shape  it  shall  take  as  it  grows.  There  is  a  marvelous 
variety  of  such  homes  for  insects  built  by  the  "unwilling"  but  helpless 
plants.1  Many  of  these  galls  seem  to  be  practically  harmless  to  the 
plant  that  grows  them.  The  wheat  jointworm,  however,  one  of  our  worst 
pests  of  wheat,  is  a  gall  insect,  and  the  grape  phylloxera  has  destroyed 
thousands  of  acres  of  the  most  valuable  vineyards  in  Europe  and  America. 

Injury  by  Subterranean  Insects 

Almost  as  secure  from  man's  attack  as  the  internal  feeders  are  those 
insects  that  attack  plants  below  the  surface  of  the  ground.  These 
include  chewers,  sapsuckers  and  root  borers,  the  attacks  of  which  differ 
only  from  the  above-ground  forms  just  described  in  their  position  with 
reference  to  the  soil  surface.  The  subterranean  insects  may  spend  their 
entire  life  cycle  below  ground,  as  the  woolly  apple  aphid.  This  insect, 
both  as  nymphs  and  adults,  sucks  the  sap  from  the  roots  of  apple  causing 
the  development  of  ugly  tumors  (Fig.  2,  E)  and  the  subsequent  decay 
of  the  roots  at  the  point  of  attack.  More  often  there  is  at  least  one 
life  stage  of  the  insect  that  has  not  taken  up  the  subterranean  habit,  as 
in  the  case  of  the  white  grubs,  wireworms,  Japanese  beetle,  root  maggots, 
and  grape  and  corn  rootworms,  in  all  of  which  the  larvae  are  root  feeders 
while  the  adults  have  largely  retained  the  more  primitive  life  above 
ground.  Interesting  gradations  and  adaptations  to  the  subterranean 
life  are  seen  in  the  way  in  which  the  eggs  of  these  insects  are  laid  and  in 
the  place  of  pupation.  In  general  it  may  be  said  that  the  more  of  its 
life  stages  the  insect  spends  underground,  the  more  difficult  it  is  to 
control. 

1  See  Felt,  E.  P.:   "Key  to  American  Insect  Galls,"  New  York  State  Museum  Bull. 
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Probably  95  per  cenl  or  more  of  the  direct  injury  to  plants  is  caused  by  insects 
feeding  in  the  various  ways  just  described.     Then-  is  another  instinct  thai  pervades 


Fig.  5.— Examples  of  injury  to  plants  caused  by  the  egg-laying  of  insects  1,  twig 
split  by  egg-laying  of  the  periodical  cicada;  B,  holes  in  stem  of  raspberry  made  by  egg- 
l.'ving  0f  a  Le  cricket;  C,  slits  in  bark  of  apple  twig  beneath  which  a  treehopper  has  thrust 
her  eggs;  D,  twig  of  pecan  cut  nearly  in  two  by  egg-laying  female  oj  I  be  twig  girdler;  E,  fruit 
buds  of  a  strawberry,  partially  severed  by  strawberry  weevil  after  laying ;  an  egg  in  the 
buds;  F,  cherry  showing  two  egg  punctures  of  the  plum  curculio.  U,  B,  t .  V,  and  t, 
original;  E,  from  X.  J.  Ayr.  Exp.  Sta.,  after  U.  8.  D.  A.) 

animal  life,  including  insects;  namely,  the  instinct  to  provide  for  the  welfare  of  the 
offspring  While,  in  general,  the  maternal  instinct  is  poorly  developed  among  insects, 
then-  are  some  very  striking  cases  of  great  effort  and  care  ...  the  preparation  oi  a  nest 
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or  the  deposit  i.ui  of  the  eggs.  Sometimet  this  provision  for  the  young  leads  to  erious 
injury  to  man's  p<  ms.     The  periodical  cicada1  deposits  her  eggs  >"  the  one- 

year-old  growth  of  fruh  -Hid  foresl  trees,  splitting  the  wood  so  severely  thai  the  entire 
twig  beyond  this  point  often  dies  (Fig.  5,  A).  The  treehoppers  and  tree  crickets 
Bplil  and  ruin  the  hark  or  twigs  of  raspberry,  curranl  and  apple,  in  pushing  I  hen-  eggs 
into  the  plant  tissues  I  Fig.  5,  B  and  (').     It  is  interesting  to  note  t  ha1  these  are  purely 

nesting  Bites.  A-  soon  as  the  young  hatch,  they  desert  the  twigs  and  injure  the  plant 
no  further.  In  other  cases,  the  young,  at  least,  subsequently  feed  upon  the  plant 
attacked  by  the  egg-laying  female;  but  we  wish  to  call  attention  in  this  paragraph, 
to  the  injurs  by  the  egg-laying  act,  quite  independent  of  any  subsequent  feeding  of 
the  young.  Thus  the  plum  curculio  ruins  the  fruits  of  apple,  plum,  peach,  and  cherry 
by  her  characteristic  egg-laying  punctures  (Fig.  5,  F).  The  strawberry  weevil,  after 
laying  an  egg  in  the  unopened  bud,  cuts  the  blossom  stem  partly  off  so  that  the  flower 
never  opens  (Fig.  5,  E).  One  of  the  most  extreme  cases  of  devotion  to  the  welfare 
of  the  young  is  that  of  the  twig  girdler.  In  order  that  the  larva'  of  this  insect  may 
have  wood  in  a  suitable  condition  of  moisture  and  decay,  the  female  laboriously  cuts 
off  with  her  mouth  parts  twig  after  twig  of  oak,  hickory,  pecan,  elm,  persimmon,  or 
i»t  her  tree  in  which  to  lay  her  eggs  (Fig.  5,  D).  The  severing  of  a  single  twig  requires 
several  days  of  work  by  the  female. 

The  Use  of  Plants  for  Making  Nests 

Besides  laying  eggs  in  plants,  insects  sometimes  remove  parts  of  the  plant  for  the 
construction  of  nests  or  for  provisioning  nests  elsewhere,  though  they  do  not  feed  on 
these  materials.  This  injury  is  more  interesting  than  it  is  serious.  Leaf-cutter  bees 
thus  nip  out  rather  neat  circular  pieces  of  rose  and  other  foliage  which  are  carried 
away  and  fashioned  and  cemented  together  to  form  thimble-shaped  cells  one  above 
the  other  in  a  tunnel  previously  made  in  the  stem  of  a  plant.  Each  cell  when  com- 
pleted contains  a  mass  of  nectar  and  pollen  and  an  egg  completely  surrounded  by  bits 
of  leaf;  in  this  nest  the  young  bee  develops.  The  leaf-cutting  ants  strip  the  leaves 
from  trees  or  herbaceous  plants  and  carry  them  into  their  nests  where  they  are  cut 
into  fine  pieces,  sometimes  mixed  with  bits  of  their  own  or  other  insects'  excreta,  and 
form  the  medium  upon  which  fungi  are  grown,  as  the  only  food  of  both  larva-  ami 
adults.  Other  kinds  of  ants  hollow  out  the  stems  or  thorns  of  plants  in  which  they 
dwell;  but  this  phase  of  injury  is  not  serious  to  man. 

Insects  That  Care  for  Other  Insects 

There  is  another  way  in  which  insects  become  serious  pests.  Ants, 
and  some  other  kinds  of  insects  which  are  not  in  themselves  serious 
pests,  become  injurious  because  they  bring  to  our  cultivated  crops 
(corn,  citrus  fruits,  etc.)  such  noxious  forms  as  aphids  and  mealy  bugs, 
which  are  cared  for  and  protected  by  them  because  they  like  to  eat  the 
honeydew  secreted  by  these  pests.  In  some  cases,  the  most  intricate 
and  intimate  interrelations  have  grown  up  between  the  ants,  on  the 
one  hand,  and  the  aphids,  on  the  other.  Such  cases  of  mutual  depend- 
ency of  two  organisms  upon  each  other  are  known  as  mutualism.  One 
of  the  best  examples  is  furnished  by  the  corn  field  ant  and  the  corn  root 
aphid.  This  destructive  aphid  (Fig.  203)  has  become  totally  dependent 
upon  the  ants,  which  care  for  the  aphid  eggs  over  winter,  and  in  the 
1  Also  called  "seventeen-year  locust." 
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spring  and  throughout  the  summer  carry  the  young  aphids  in  their 
mouths  through  underground  tunnels  and  actually  place  them  on  the 
roots  of  coin  and  weeds  on  which  the  aphids  can  tvvd.  The  ants  are  paid 
for  this  solicitous  care  with  the  sweet  honeydew,  which  the  aphids  con- 
tinually secrete  and  which  serves  as  food  for  the  ants.  The  corn  field 
ant  is  thus  a  menace  to  the  corn  crop  although  the  ants  themselves 
probably  never  injure  the  corn  plant  in  any  way. 

Insects  That  Carry  Plant  Diseases 

A  serious  phase  of  insect  injury,  and  one  which  may  prove  to  rival 
in  importance  that  caused  by  the  direct  feeding  of  insects,  is  the  newly 
discovered  connection  of  insects  with  the  transmission  of  plant  diseases. 
In  feeding  upon  a  plant,  the  amount  of  damage  that  the  insect  does  is 
more  or  less  limited  by  the  amount  of  tissue  that  it  can  devour;  but  if 
the  insect's  mouth  parts  are  contaminated  with  disease  organisms,  the 
organisms  may  be  established  on  the  plant  and  not  cease  their  attack 
until  the  entire  plant  is  killed.  In  this  connection  Gardner1  has  pointed 
out  that  much  more  effective  control  is  needed  for  these  disease-carrying 
insects  than  for  insects  which  harm  the  plant  only  by  their  feeding. 
Nothing  short  of  absolute  control  is  satisfactory  for  the  disease  carriers, 
because  a  single  insect  may  deal  the  plant  a  death  blow  by  inoculating 
it  with  a  disease  organism,  whereas  the  feeding  of  one  insect  would  be 
ordinarily  insignificant. 

The  epidermis  of  plants,  like  the  skin  of  animals,  has  a  highly  pro- 
tective function.  When  it  is  broken  an  opportunity  is  afforded  for 
the  entrance  of  various  destructive  organisms.  The  attacks  of  the 
corn  earworm  (Fig.  234),  already  mentioned,  are  almost  always  followed 
by  destructive  molds  and  rots  (some  of  them  dangerous  to  animals 
which  may  eat  them)  that  would  not  gain  entrance  to  the  ear  were  it 
not  for  the  pathway  prepared  by  the  worm.  The  egg  punctures  and 
feeding  punctures  of  the  plum  curculio  (Fig.  5,  F)  are  thus  commonly 
starting  points  for  the  brown  rot  of  the  peach.  The  organism  causing 
early  blight  of  potatoes  is  similarly  favored  by  the  numerous  holes 
made  in  the  leaves  by  flea  beetles  (Fig.  61,  7);  chestnut  blight,  by  the 
various  bark  beetles  and  borers  attacking  this  tree;  and  the  bacterial 
boll  rot  of  cotton  by  boll  weevils  and  bollworms. 

In  addition  to  thus  passively  favoring  plant  diseases,  certain  kinds 
of  insects  have  been  found  actually  to  carry  the  pathogens  on  or  in  their 
bodies  from  plant  to  plant;  and,  as  they  feed,  they  introduce  these 
disease  germs  into  the  plant  tissues.  The  active,  flying  insects  serve 
admirably  to  disseminate  widely  and  rapidly  these  inactive  disease 
organisms  which  by  their  own  efforts  could  seldom  get  from  one  plant 
to  another.     Fire  blight  of  apple  and  pear  is  carried  by  aphids,  by  bees, 

1  In  Phytopathology,  Vol.  12,  pp.  225-240,  1922. 
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and  by  other  Insects  that  feed  on  these  trees,  and  as  they  feed  introduce 
the  destructive  fire  blight  bacillus.     The  fungi  causing  apple  canker  and 

raspberry-cane  blight  are  swallowed  by  insects,  carried  about  in  their 

digestive  tracts,  and  subsequently  expelled  in  a  viable  condition. 

In  all  of  the  above  cases,  the  disease  may  and  probably  does  survive 
and  spread  to  some  extent  without  the  help  of  the  insects.  In  the 
following  cases,  however,  it  seems  that  the  regular  means  of  spread  of 
the  disease  from  one  plant  to  another  is  by  the  intervention  of  some 
particular  insect.  In  at  least  a  part  of  these  cases  it  appears  that  the 
insect  is  necessary  to  the  continued  development  and  life  of  the  pathogen, 
an  essential  part  of  its  life  cycle  taking  place  in  the  insect's  body.  The 
best  known  case  in  this  category  is  the  cucurbit  wilt  disease  carried  by 
the  striped  cucumber  beetle  (Fig.  301)  and  the  spotted  cucumber  beetle 
(Fig.  200).  The  causal  organism  of  the  disease  spends  the  winter  in  the 
digestive  tract  of  the  hibernating  beetles.  Those  which  are  so  infected, 
when  they  begin  feeding  upon  young  cucumber  plants  in  the  spring, 
deposit  in  their  feces  some  of  the  wilt  bacteria.  These  are  later  washed 
over  the  surface  of  the  leaf  by  dew  or  rain  and,  wherever  there  is  a  fresh 
wound  opening  into  the  vascular  system  of  the  leaf,  the  disease  may 
become  established.  Probably  the  wounds,  which  are  necessary  to 
infection,  are  chiefly  made  by  the  insects  in  feeding.  After  the  disease 
is  started  in  this  way,  any  cucumber  beetle  feeding  on  the  plant  may 
contaminate  its  mouth  parts  and  then  infect  the  next  plant  on  which  it 
feeds.  No  other  means  of  spread  for  this  disease  are  known.  A  similar 
relation  exists  between  the  olive  fly  and  the  olive-knot  organism.1 

In  the  case  of  the  mosaic  diseases  or  infectious  chloroses  of  plants,  no 
causal  organism  has  been  found.  Presumably,  they  are  too  small  to  be 
seen  with  the  highest  powers  of  our  microscopes.  Nevertheless,  it  has 
been  clearly  shown  that  the  only  means  of  transmission  of  some  of  these 
diseases  is  the  insect  carrier.  Thus  curly-leaf  disease  of  sugar  beets  is 
contracted  by  the  plant  only  when  it  is  punctured  by  the  beet  leaf- 
hopper  which  also  carries  the  disease  over  winter.  The  tip-burn  of 
potatoes  (one  of  the  most  serious  potato  troubles)  (Fig.  2,  D)  appears 
only  on  leaves  that  have  been  pierced  by  the  apple  leafhopper  (Fig.  311). 
In  a  similar  way  insects  such  as  aphids  and  the  tarnished  plant  bug 
account  for  the  appearance  on  previously  uninfested  plants  of  mosaic 
diseases  of  sugar  cane,  spinach,  potato,  tobacco,  cucumber,  cabbage, 
clovers,  raspberry,  and  many  less  important  plants.1 

The  importance  of  the  subject  opened  up  by  the  recent  discoveries 
just  cited,  time  alone  can  tell.  However,  the  facts  that  these  mosaic 
diseases  attack  so  many  of  our  most  important  crops;  that  they  are  very 
destructive;  that  they  appear  to  be  increasing  in  importance  year  after 

1  The  student  should  consult  the  summary  and  bibliography  of  this  subject  con- 
tained in  Phytopathology,  Vol.  12,  pp.  225-240,  1922. 
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year;  and  thai  mscct  carriers  have  been  discovered  for  these  troubles  in 

more  thai!  l>0  different  kinds  of  plants;  point   to  the  probability  that   this 

is  one  <>f  the  most  serious  methods  of  injury  by  insects,  constituting  one 

of   the   most    promising  and   at   tin1   same   time   most    difficult    fields   for 
future  investigation. 

B.   INSECT   INJURY   TO    MAN   AND    OTHER   LIVING   ANIMALS 

The  second  great  group  of  things  that  fall  prey  to  insects,  is  all 
manner  of  animal  life,  from  protozoa  to  man.  We  find  no  records  of 
insects  that  feed  upon  the  marine  animals  known  as  Echinoderms. 
With  this  exception  all  of  the  principal  branches  of  the  animal  kingdom 
are  attacked.  Insects  in  their  relation  to  us  make  no  distinction  between 
man  and  other  animals  and  we  shall  make  none  in  this  discussion. 

Annoying  Insects 

There  are,  first  of  all,  a  number  of  minor  ways  in  which  insects  conflict  with  man's 
comfort    and   pleasure.     All  of  us   have  experienced   great   annoyance  from   flying, 


! 


Fig.  G. — A  cow  being  chased  by  an  ox  warble  fly,  intent  on  laying  its  eggs.  Note  the 
terrified  look  of  the  eyes.  (From  Hadwen,  Canada  Dept.  Agric.  Health  of  Animals  Branch, 
Set.  Ser.  Bull.  27.) 

buzzing,  or  crawling  creatures  at  times,  particularly  when  we  desired  to  rest  or  apply 
ourselves  to  some  exacting  task .  The  unpleasant  taste  left  by  certain  stink  bugs  on  an 
otherwise  edible  raspberry,  the  disgusting  odor  of  cockroaches  about  the  table  service 
of  many  restaurants,  and  the  sharp  pain  caused  by  getting  certain  minute  insects1 
into  the  eye  when  driving  at  night  are  familiar  examples  of  annoyance  by  insects.  The 
accidental  invasion  by  living  insects  of  the  ears,  nostrils,  or  stomach  is  usually  serious 
but  fortunately  a  rare  experience.  Animals  suffer  from  the  attempts  of  certain  flies 
(the  botflies)  to  lay  eggs  on  their  bodies.  Although  it  is  claimed  that  only  a  nervous 
injury  and  not  a  physical  one  accompanies  this  attack,  it  is  suflicient  to  cause  the 
wildest  stampeding  of  cattle,  horses,  and  deer  (Fig.  6).  While  these  annoyances 
1  For  example,  staphylinid  beetles  and  certain  small  Hemiptera. 
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constitute  the  least  important  of  all  the  phases  of  insect  injury  to  animals,  still  the) 
are  sufficient  to  account  for  a  great  deal  of  monetary  loss,  diseomfori ,  and  inefficiency. 

Venomous  Insects 

Insects  are  not  popular.  The  innate  abhorrence  of  "crawling  tilings"  \» 
by  some  persons  is  unfortunate,  however,  because  it  prevents  them  from  learning 
anything  aboul  insects  and  interferes  unnecessarily  with  their  enjoyment  of  out-of- 
door  life.  An  extreme  fear  of  bugs,  caterpillars,  spiders,  and  bees  is  not  warranted 
by  the  facts.  In  temperate  climates,  there  are  very  few  kinds  of  insects  that  can 
harm  the  body  seriously.  Nevertheless,  there  are  a  number  of  kinds  that  can  bite 
and  sting  painfully  and  these  wounds  may  become  infected,  with  serious  results. 
It  is  so  often  true  as  to  be  almost  a  rule  that  the  worst-looking  forms  are  generally 
harmless;  while  some  of  the  most  painful  experiences  result  from  contact  with  very 
innocent -looking  specimens. 

Bodily  pain  and  illness  may  be  caused  by  the  venoms  of  insects  applied  to  the  body 
in  the  following  ways:  (a)  by  the  mouth  parts — either  inserted  to  secure  food  or 
applied  in  a  defensive  way  when  certain  insects  are  handled;  (b)  by  a  "stinger,"  a 
defensive  and  offensive  organ  located  near  the  tip  of  the  abdomen;  (c)  by  hollow  poison 
hairs  on  the  body  of  certain  caterpillars,  that  inject  venom  after  the  manner  of  the 
common  nettle  plants;  (d)  by  the  application  of  caustic  or  corrosive  fluids  to  the  skin; 
(e)  by  swallowing  insects  that  contain  a  poisonous  principle. 

A  certain  amount  of  pain  may  result  from  mere  mechanical  injury  by  insects  as 
when  a  boy  finds  a  "pinching  bug"  for  the  first  time.  But  the  really  painful  bites  are 
accompanied  by  the  introduction  of  a  venom  and,  therefore,  are  a  chemical  injury. 
The  nature  of  the  venom  appears  to  vary  but  has  the  common  characteristic  that  it  is 
in  some  way  toxic  to  animal  tissues  and  so  causes  pain.  It  is  interesting  to  note,  for 
example,  that  Schaudinn1  seems  to  have  proved  that  the  irritation  from  a  mosquito 
bite  is  due  to  an  enzyme  from  a  kind  of  yeast  plant  that  lives  as  a  commensal  in  the 
lobes  of  its  stomach  and  that  is  expelled  into  our  flesh  as  the  insect  bites. 

Besides  the  spiders,  ticks  and  centipedes,  the  following  kinds  of  true  insects  are 
notorious  for  the  injury  inflicted  by  their  bites:  the  Diptera  or  two-winged  flies; 
including  mosquitoes,  black  flies,  horseflies,  the  stable  fly,  tsetse  flies,  the  sheep 
tick,  etc.;  the  Hemiptera  or  true  bugs,  including  the  bedbug,  assassin  bugs,  back 
swimmers,  water  scorpions,  etc.;  the  Anoplura  or  blood-sucking  lice;  the  Sipho- 
naptera  or  fleas. 

Many  insects  regularly  feed  on  animal  blood,  including  that  of  man,  as  their  only 
food;  and  while  so  feeding,  usually  introduce  a  poison  that  causes  a  painful  irritation. 
Many  sections  of  the  mountains  and  woods  are  rendered  temporarily  uninhabitable 
by  swarms  of  black  flies  in  early  summer.  Forbes2  quotes  from  Agassiz's  "Lake 
Superior"  as  follows: 

"Nothing  could  tempt  us  into  the  woods  so  terrible  were  the  black  flies.  One, 
whom  scientific  ardor  tempted  a  little  way  up  the  river  in  a  canoe,  after  water 
plants,  came  back  a  frightful  spectacle,  with  blood-red  rings  around  his  eyes,  his 
face  bloody,  and  covered  with  punctures.  The  next  morning  his  head  and  neck 
were  swollen  as  if  from  an  attack  of  erysipelas". 

The  stable  fly  (Fig.  522),  that  dreaded  but  constant  companion  of  horses,  mules, 
cattle,  and  hogs,  all  summer  long,  inflicts  such  painful  bites  and  withdraws  so  much 

1  See  Riley  and  Johannsen:  "Handbook  of  Medical  Entomology,"  p.  34  et.  seq., 
1915. 

2  Forbes,  S.  A.:  "The  Insect,  the  Farmer,  the  Teacher,  the  Citizen  and  the  State," 
111.  State  Lab.  Nat.  Hist,,  1915. 


INSECTS  AS  ENEMIES  OF  MAN 


17 


Mood  thai  animals  are  some!  imes  killed  outright .  CJnable  to  don  protective  clothing, 
to  retreat  into  Bcreened  houses,  or  even  to  "swat"  efficiently,  domestic  animals  must 
Buffer  beyond  our  comprehension  from  I  hese  many,  bloodl  hirsty  pests.     Tins  Buffering 

is  translated  into  losses  to  the  livestock  farmer  in  decreased  milk  yield,  loss  of  flesh, 
unsatisfactory  growth,  inefficiency  and  unmanageableness  of  work  animals  and  in 

greater  susceptibility  of  the  weakened  animals  to  diseases. 

The  other  methods  of  applying  a  venom  are  much  less  important  than  that  by 
biting.  The  stinging  insects  are,  so  far  as  man  and  the  larger  animals  are  concerned, 
largely  a  peaceable  and  defensive  lot,  inflicting  their  punishment  almost  exclusively 
on  creatures  that  have  injured  them  or  threatened  their  homes.  The  sting  is,  indeed, 
used  without  provocation  against  other  insects  and  the  like  which  are  taken  as  food; 


Fig.  7. — A  caterpillar  with  poisonous  hairs,   the  saddle-back,  Sabine  stimulea  Clemens, 
about  natural  size.     {From  U.  S.  D.  A.  Farmers'  Bull.  1495.) 

and  Herms1  records  that  a  California  farmer  claims  to  have  lost  400  small  pigs  during 
one  year,  due  to  the  stings  of  myriads  of  ants. 

Some  of  the  ants  possess  a  venom  but  have  lost  the  stinger  with  which  to  inject  it. 
According  to  Wheeler,  these  spray  the  poison  from  the  tip  of  the  abdomen  into  a  wound 
made  by  the  mouth  parts.  Certain  beetles  have  a  similar  method  of  defense.  Some 
ground  beetles2  have  been  known  to  eject  an  acrid  fluid  which  is  discharged  with  a 
distinct  popping  sound  and  a  small  cloud  of  vapor  that  looks  like  the  smoke  from 
a  miniature  cannon. 

Among  the  most  interesting  protective  structures  that  insects  possess  are  the 
nettling  hairs  of  many  caterpillars.  These  structures  are  similar  to  the  poison  hairs 
of  the  nettle  plant.  Not  all  the  hairs  of  the  body  are  of  this  type  but  only  certain  ones 
.ire  hollow  and  connect  at  their  base  beneath  the  euticula  with  a  poison  gland  cell. 


1  Herms,  W.  B.:  "Medical  and  Veterinary  Entomology,"  2nd  ed.,  The  Macmillan 
Company,  1926. 

-  Bombardier  beetles,  Brachinus  spp.,  Order  Coleoptera,  Family  Carabidae. 
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When  these  hairs  penetrate  the  human  skin  the  poison  is  released  ;ii  a  broken  point 
and  maj  ore  Drioue  Bkin  eruption  accompanied  by  intense  itching  and  intestinal 

disturbance. 

The  follow  ing  are  the  besl  known  of  the  nettling  caterpillars:  tin*  l»row  n-tail  moth, 
(Fig.  470)  the  io  moth,  the  saddle-back  oaterpillar  (Fig.  7),  the  flannel  moth,  the  hag 
moth,  and  the  buck  moth.    There  is  nothing  distinctive  about  the  appearance  of  these 

stinging  caterpillars  as  B  group.      One  has  simply  to  learn  to  recognize  each  of  them. 

As  pointed  out  already,  there  are  many,  more  formidable-looking  kinds  that  are  totalis 

harmless.      For  example,   the  hickory  horned   devil    (Fig.   8)   with   his  many,    thorny 
spines,  some  of  them   ;<4  inch  long;  t lit*  common  tomato  worm   (Fig.  31S)  and    other 


Fig.  8. — An  entirely  harmless,  though  evil-looking  caterpillar,  the  hickory  horned 
devil  (Citheronia  regalia  Fab.),  about  one-fifth  smaller  than  natural  size.  (From  Houaer, 
after  Packard.) 


sphingid  larvae  with  a  pointed  horn  near  the  tail  end  of  the  body;  the  celery  caterpillar 
(Fig.  140,  b)  with  a  pair  of  soft  yellow  horns  near  the  head  that  are  erected  and  thrust 
out  when  it  is  disturbed  and  give  off  a  peculiar  odor;  these  and  many  other  dangerous- 
looking  forms  are  absolutely  incapable  of  harm  to  the  person. 

There  are  also  certain  insects  that  carry  a  venomous  substance  diffusely  through- 
out the  body,  especially  in  the  blood,  rather  than  confined  to  particular  glands. 
In  some  cases,  notably  the  blister  beetles1  (Fig.  258),  this  poison  possesses  caustic  or 
blistering  properties  when  the  insects  are  accidentally  crushed  on  the  body.  They 
are  also  poisonous  if  taken  internally,  as  when  cattle  eat  them  while  grazing.  Chick- 
ens are  often  killed  by  feeding  upon  the  rose  chafer  (Fig.  423)  in  localities  where  it  is 
abundant,  and  Lamson  has  shown  that  death  results  from  an  unknown  poison  con- 
tained in  the  bodies  of  these  beetles. 


1  Order  Coleoptera,  Family  Meloidae. 
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External  and  Internal  Parasites 

The  most  Loathsome  attack  we  suffer  a1  the  hands  of  insects  is  their 
very  common  habit  of  taking  up  their  residence  on  or  within  our  bodies 
or  those  of  domesticated  animals.  Such  insects  are  called  ZOophagous 
parasites.  Many  insects  lay  their  eggs  on  animals  and  live  continuously 
on  their  hosts,  generation  after  generation,  never  leaving  them  except 
as  the  hosts  die  or  as  they  instinctively  transfer  from  older  to  younger 
animals  of  the  same  species.  Others  spend  certain  life  stages  or  certain 
parts  of  the  day  on  the  host  and  are  free  living  the  rest  of  the  time. 
Some  of  these  lay  their  eggs  on  the  host  but  desert  it  in  their  later  stages 
(for  example,  botflies);  others  lay  eggs  and  develop  away  from  the  host 
and  then  become  parasites  only  as  adults  (for  example,  fleas). 

Three  entire  orders  of  true  insects,  namely  the  chewing  lice  (Mallo- 
phaga),  the  blood-sucking  lice  (Anoplura)  and  the  fleas  (Siphonaptera), 
a  total  of  more  than  2,500  described  species,  are  entirely  parasitic; 
besides  hundreds  of  species  from  among  the  flies  (Diptera)  and  true 
bugs  (Hemiptera)  and  hundreds  more  of  the  ticks  and  mites  of  the 
class  Arachnida. 

The  greater  number  of  these  species  live  externally  on  the  surface  of 
the  skin.  Their  constant  crawling  about  on  the  skin  causes  nervousness, 
restlessness,  loss  of  sleep,  failure  to  feed  and  thus  a  general  " run-down" 
condition  and  increased  susceptibility  to  diseases.  Their  excreta,  and 
especially  the  eggs  of  those  that  are  attached  to  feathers  or  hairs,  mat 
the  coat  and  create  a  foul  condition  that  interferes  with  the  excretory 
function  of  the  skin.  All  of  these  external  parasites,  except  the  order 
Mallophaga,  feed  by  inserting  their  mouth  parts  and  pumping  out  the 
blood.  When  they  are  abundant,  this  irritation,  intensified  by  the 
animal's  rubbing  or  scratching,  may  lead  to  great  sores  as  in  the  case 
of  the  scab  mite  of  sheep  (Fig.  542)  or  the  body  louse  ("cootie")  of  man. 
In  other  cases  serious  constitutional  disturbances  result.  The  mites 
known  as  chiggers  or  harvest  mites  often  give  rise  to  chilliness,  nausea, 
and  vomiting.  The  insertion  of  the  mouth  parts  of  the  Rocky  Mountain 
spotted-fever  tick  at  the  base  of  the  head  of  man  or  sheep  is  said  to 
cause  an  ascending  motor  paralysis  involving  complete  loss  of  the  use 
of  the  limbs,  and  death,  unless  the  tick  is  removed. 

External  parasites  that  suck  the  blood  of  the  higher  animals  include 
such  common  pests  as  the  hog  louse,  the  sheep  "tick,"  fleas,  bedbugs, 
and  the  cattle  tick.  There  is  one  kind  of  lice  that  does  not  suck  blood. 
These  are  the  so-called  bird  lice  or  chewing  lice,1  including  all  common 
poultry  lice  (Fig.  546)  and  certain  species  of  lice  found  on  horses,  cattle, 
and  other  mammals.  Their  mouth  parts  are  formed  to  cut  off  and 
ingest  solid  particles  rather  than  to  draw  blood.  They  feed  upon  the 
dry  skin,  parts  of  feathers  or  hairs,  clots  of  blood,  and  the  like,  and  their 

1  Order  Mallophaga. 
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injury  is  probably  chiefly  due  to  nervous  irritation  from  nibbling  :tt  the 

skm  and  running  about  over  it. 


*-  £^-I^«i?  5  _- '  s3?y 


Fig.  9. — The  itch  mito  tunneling  into  the  skin  of  man  to  lay  its  eggs,  several  of  which 

are  shown.      I >iagrammatic  and  greatly  enlarged.      (From  Riley  and  Johannscn,  ''Handbook 
of  Medical  Entomology,"  courtesy  Comstock  Publishing  Co.) 


Fig.  10.— A  piece  of  grubbv  hide,  after  tanning,  showing  holes  made  by  ox  warble 
larvse  in  the  most  valuable  part  of  the  hide,  which  render  the  leather  practically  useless. 
(From  Hadwen,  Canada  Dept.  Agric,  Health  of  Animals  Branch,  Sci.  Ser.  Bull.  27.) 

Internal  insect  parasites  of  the  higher  animals  are  of  few  kinds.  But 
they  are  so  troublesome  to  our  livestock  that  they  constitute  a  group 
probably  more  destructive  than  the  external  parasites.     These  internal 


INSKCTS   AS  KSKMIES  OF   MAN 


21 


parasites  are  either  mites  (Acarina)  <>r  true  flies  (Diptera).  With  a  few 
possible  exceptions  all  internal  insect   parasites  are  transitory,  that  is 

they  pass  only  a  pari  of  their  life  cycle  inside  the  body.  For  example, 
in  Hies  it  is  always  the  tnaggol  stage  that  lives  within  the  animal  body; 
the  adult,  at.  least,  living  away  from  the  host.  In  the  mites,  the  young 
may  be  internal,  but  they  live  as  external  parasites  on  the  surface  of  the 
skin  for  at  least  a  part  of  the  adult  life. 

Just  as  there  are  borers  in  plants,  so  there  are  insects  that  live  as 
borers  in  the  animal  body.     The  itch  mite,  scaly-leg   mite  and  their 


Fig.  11. — Larvce  of  a  fly  (Phormia  terrce-novce  Desv.)  found  under  the  skin  of  a  reindeer. 
When  heavily  infested,  the  animal  usually  dies.  {From  Hadwen,  U.  S.  D.  A.,  Dept.  Bull. 
1089.) 


kind  dig  tunnels  into  the  flesh,  in  which  their  eggs  are  laid  (Fig.  9). 
This  explains  the  intolerable  itching  that  is  the  most  prominent  symptom 
of  their  attack.  Before  the  cause  of  the  disease  was  known,  the  " seven- 
year  itch,"  as  it  was  often  called,  was  a  most  loathsome  and  persistent 
affliction. 

We  have  spoken  of  the  injury  insects  cause  when  they  try  to  lay  their 
eggs  on  the  bodies  of  animals.  The  larvae  from  such  eggs  are  very 
Berious  parasites.  For  example,  ox  warbles  cause  serious  damage  to 
the  hides  of  cattle  which  are  rendered  more  or  less  useless  for  making 
leather  (Fig.  10).  The  loss  in  value  of  the  hides  (augmented  by  the 
pain  suffered  by  the  animals,  the  depreciation  in  value   of  the  carcass 
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for  beof,  fche  loss  of  milk  flow,  and  decreased  growth)  amounts  bo  about 
$50,000,000  a   year  in   the   United  Slates.     In  Africa  the  tumbu   fly 

attacks   man   in   a   manner  similar   to   that  of   the  ox    warble   in    cattle. 
Another  species  of  botfly  causes  lumps  in  the  necks  of  rabbits. 

The  BCrew  worm  and  other  flies  live  in  the  flesh  of  cattle,  hon 
hogs,  man  and  other  animals  during  the  maggot  stage  (Fig.  11).  These 
flies  are  attracted  by  any  wound  such  as  a  barbed  wire  cut,  a  dog's 
bite,  dehorning  or  branding  wounds,  or  even  the  spot  where  a  tick  has 
bitten  an  animal,  or  by  foul  secretions,  nasal  catarrh,  bad  breath  and 
the  like.  In  such  situations  the  eggs  are  laid,  and  the  larvae  tunnel  about 
and  feed,  greatly  aggravating  the  inflammation  and  suppuration  of  the 
wound  and  preventing  its  healing.  It  is  necessary  in  the  southwest  to 
treat  all  wounds  of  animals  on  the  range  with  a  repellent,  antiseptic 
dressing  to  prevent  contamination  by  this  pest.  Fortunately  such 
attacks  upon  human  beings  are  rare. 

In  addition  to  the  mechanical  injury  from  these  internal  larvae, 
Had  wen1  appears  to  have  shown  that  the  larvae  of  ox  warbles  secrete  a 
toxin  into  the  lymph  of  the  host  that  may  be  very  injurious. 

A  few  kinds  of  insects,  habitually,  and  some  others,  accidentally,  live 
in  the  alimentary  canal  of  animals.  These  should  not  be  confused  with 
the  intestinal  worms2  which  are  not  insects.  The  best  known  of  intestinal 
insects  are  the  several  species  of  horse  bots  (Fig.  527).  A  horse  that  is 
heavily  infested  with  bots  generally  presents  a  badly  run-down  condition. 
There  are  no  insects  that  habitually  live  in  the  alimentary  canal  of 
man,  but  the  eggs  or  small  larvae  of  blue-bottle  flies,  flesh  flies,  the  house 
fly,  rat-tailed  maggots,  and  others  may  be  swallowed  with  impure 
drinking  water,  milk  or  infested  food.  Their  presence  in  the  stomach 
generally  causes  symptoms  of  nausea,  vomiting,  and  fever. 

Insects  as  Carriers  of  Animal  Diseases 

The  most  complicated  way  in  which  insects  injure  man  and  his 
animals,  and  the  most  sinister  of  all  their  attacks  is  as  carriers  of  disease 
organisms.  Any  disease  in  order  to  persist  must  continually  find  new 
hosts  to  supplant  those  lost  by  death :  for  the  death  of  a  host  is  calamitous 
to  the  parasites  that  caused  it  and  must  often  be  followed  by  the  death 
of  all  the  parasites  on  or  in  its  body.  The  transfer  of  disease  organisms 
to  new  hosts  may  take  place  during  close  association  or  bodily  contact 
of  a  well  animal  with  a  diseased  one,  as  in  leprosy  or  smallpox;  by  way 
of  the  air,  as  in  tuberculosis;  through  contaminated  food  or  drinking 
water,  as  in  typhoid  fever;  by  contact  with  infected  soil,  as  in  hookworm; 
or  by  being  carried  by  insects  or  other  small  arthropods. 

1  Hadwen,  S. :  Dept.  Agr.  Can.,  Health  of  Animals  Branch,  Sci.  Ser.  Bull.  27, 
July,  1919. 

2  Phylum  Nemathelminthes. 
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In  1893,  Smith  and  Kilbourne  published  their  proof  that  the  serious 
disease  of  cattle  known  as  Texas  U>\(>\-  (see  p.  788)  is  caused  by  a  protozoan 
parasite  that  lives  within,  and  destroys,  the  blood  corpuscles  and  is 
spread  exclusively  by  the  bites  of  the  cattle  tick  (Fig.  531).  This  was  a 
startling  discovery  of  most  far-reaching  consequences.  Following  this, 
other  similar  discoveries  came  rapidly;  so  that  within  30  years  after 
the  first  proof  of  the  insect  transmission  of  any  animal  disease,  we  have 
a  list  of  such  cases  that  leads  one  to  look 
upon  these  small  arthropods  as  particularly 
menacing  (Fig.  12). 

A  study  of  the  accompanying  table 
(Table  I)  will  show  the  essential  facts 
regarding  some  of  the  most  important 
diseases  of  man  and  domestic  animals, 
which  are  known  to  be  carried  by  insects. 

Many  and  varied  are  the  ways  in  which 
these  microscopic  germs  "ride"  on  or  in 
the  bodies  of  insects  to  a  position  where 
they  can  again  increase  in  numbers  and 
complete  their  life  cycle  at  the  expense  of 
the  health  of  some  animal.  They  may 
"ride"  on  the  hairy  legs,  wings  or  mouth 
parts  of  the  insect  or  they  may  make  the 
journey  within  the  body  of  the  insect — in 
the  alimentary  canal,  body  cavity,  salivary 
glands,  muscles,  or  Malpighian  tubules. 

These  disease  Organisms  may  "  alight"    of  certain  flies  known  as  tsetse  flies. 
•  ,i  ,i        r        i  i    •    i        <•   ji  (From  Osier's  "  Modern  Medicine,"  Lea 

either  on  the  food  or  drink  ot  the  next  &  pei,iger\ 
victim  and  attack  its  body  after  having 

been  swallowed.  Or  they  may  alight  from  the  insect  directly  on  the  body 
of  the  new  host  in  some  receptive  place,  such  as  the  lips,  the  surface  of 
the  eye,  a  wound  or  sore.  They  cannot,  as  a  rule,  attack  through  the 
healthy  unbroken  skin.  They  may  actually  be  injected  hypodermically 
into  the  blood  or  lymph  of  an  animal  when  the  insect  that  carries  them 
on  its  mouth  parts  pierces  the  skin  to  suck  blood.  They  may  drop  or 
be  rubbed  off  the  insect's  body  when  the  journey  is  completed;  pass 
out  with  the  feces;  be  regurgitated  in  vomit  spots;  be  pumped  out  with 
the  saliva;  or  be  swallowed  by  the  new  host,  with  the  insect  that  carried 
them. 

They  may,  during  the  journey  to  a  new  host,  remain  unchanged  in 
the  insect  body.  Or  they  may  increase  their  numbers  without  a  change 
of  form.  Or  they  may  increase  in  numbers  by  a  metamorphosis,  passing 
through  definite  stages  of  their  life  cycle  in  the  body  of  the  insect  that 
they  cannot   undergo  in  the  body  of  any  other  animal  or  in  any   other 


Fig.  12.— A  victim  of  African  sleep- 
ing sickness,  a  highly  fatal  disease  car- 
ried  to  man  exclusively  by  the  bites 
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Table  I.-  Some  <>f  the  Mobe-impobtani    I  n  bci 


Name  » »f  the 
dis< 


Animal 
affected 


<  larrier  of  the 
disease 


(  Hassification  of  t  Ji «- 

carrier 


Pathogenic 
nisra 


Yellow  fever 

Man 

The      yellow      fever 
mosquito,    Aed*  ■ 

<"l)!/l>ti 

( 'lass  Hexapoda, 
Order  Diptera, 
Family  Culiciass 

Leptospira 

Noguchi,  or  unknow  n 

Malaria 

Man 

The  malarial  mosqui- 
toes;   about   50  spe- 
cies    of     the     genus 
Anopheles 

The  same 

Plasmodium      malar- 

ice,  P.  virus  and  /'. 
quotidian  urn 

Filariasis     or     Ele- 
phantiasis. 

Man 

About  a  dozen   spe- 
cies of  mosquitoes 

The  same 

Filar  id  (Microfilaria  J 
bancrofti,   and   other 

species 

Dengue. 

Man 

The  mosquitoes,  ( '"- 
lex  quinque-faaeiatua 
and  Aeaea  aegypti 

The  same 

Unknown;  a  Alter- 
able virus 

Afriran    sleeping 
sickness. 

Man 

The      Tsetse       Flies, 
Glossina    pal  pal i s 
and  G.  morsitnns 

Class  Hexapoda, 
Order  Diptera, 
Family  Muscidse 

Trypanosoma  qambi~ 
enae  and  T.  rhodesi- 
ense 

Nagana. 

Domestic  ani- 
mals,   wild 
game 

The      Tsetse      Flies, 
Glossina     morsitans 
and    G.    lonffi  pal  pis 

The  same 

Trypanosoma  bruc  i 

Typhus  fever. 

Man 

The     human     louse, 
Pediculus   human  us 

Class  Hexapoda, 
Order  Anoplura, 
Family  Pediculida 

Rickettsia  prowazeki 
da  Rocha-Lima 

Chagas  disease. 

Man 

The     assassin     bug, 
Triatoma  mcgistn 

Class  Hexapoda, 
Order  Hemiptera, 
Family  Reduviidae 

Schizotrypanum  cruzi 
Chagas 

Bubonic  plague. 

Man,     rat, 
ground- 
squirrel 

Nine  or  more  species 
of  fleas 

Class  Hexapoda, 
Order  Siphonaptera, 
Family  Pulicidre 

Bacillus  pest  is 

Typhoid  fever. 

Man 

The  house  fly,  Musca 
domestica 

Class  Hexapoda, 
Order  Diptera, 
Family  Muscidse 

Bacillus  typhosus 

Summer  diarrhea,     j  Man 

The  house  fly,  Musra 
domestica 

The  same 

Bacillus  of  Morgan 

Texas    fever    or 
splenic  fever. 

Cattle 

The    cattle    tick, 
Margaropus    annu- 
latus 

Class  Arachnida, 
Order  A  carina, 
Family  Ixodidee 

Babesia  bigeminum 

Rooky       Mountain 
spotted  fever. 

Man 

The    spotted-f  e  V  e  r 
tick,       Dermacentor 
venustus 

The  same 

Dermacentrox i n  ns 
rickettsi  Wolbach 

Fowl  spirochetosis. 

Chicken,  tur- 
key, goose 

The  fowl  tick,  Argas 

prrsicus 

Class  Arachnida, 
Order  Acarina, 
Family  Argasidse 

Spiroschaudinnia 
marchouxi ,  granu- 
losa, and  neuvexii 

Tsutsugamushi  dis- 
ease. 

Man 

A  mite,  Leptotrombi- 
diutn  akamushi 

Class  Arachnida, 
Order  Acarina, 
Family  Trombidiidse 

Unknown;  a  filter- 
able virus 

situation.  In  the  latter  case  we  say  the  insect  is  an  essential  host  (besides 
being  a  carrier)  of  the  disease-producing  organism.  The  complication 
of  these  problems  is  increased  in  some  cases  by  the  fact  that,  besides  the 
insect  carrier,  the  disease  organism  may  have  at  least  two  other  hosts, 
one  in  which  it  causes  a  definite  disease  and  another  in  which  it  appears 
to  be  harmless.     The  latter  animals  are  known  as  reservoirs  of  the  disease. 
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Classification  of  1  be 

pathogen 

1  Hstribution  of  t  he 
disease 

Methods  "f 
transmission 

Other  ordinary   ways  of 
gef  ting  the  disease 

A.  Spirochete*  or  unknown    The    tropics    and    sub-    Directly  inoculated  Into    None.     Exclusively     in- 

tropics   of   Africa   and      blood  by  mouth  parte  of     sect  borne 
Americs                              mosquito 

Phylum  Protoioa, 
Subphylum  Bporosoa, 
( !lass  Telospondia, 
Order  Xenoeporidia 


In    a    broad    licit    around 
the   globe   between    1th 

i.l.N.  and  H'th  U.S. 


The 


None.     Exclusively     In- 
sect borne 


Phylum     Ncniathelmin-  Southern  United  States, 

tins  Southern  China, 

Class  Nematode  Africa,  West  Indies, 

Family  Pilariidn  Samoa,  Tahiti 


The  same 


None.     Exclusively     in- 
sect borne 


Around  the  globe  in  the  ,  The  same 
tropics  and  subtropics  I 


None.     Exclusively     in- 
sect borne 


Phylum  Protozoa,  Equatorial  Africa 

Sub  phylum    Mastigo-  ! 

phora 
Order  Trypanosomatida 


Directly  inoculated  into 
blood  by  mouth  parts 
of  the  fly 


Possibly  other  species  of 
tsetse  flies 


The  same 


Equatorial  Africa 


The  same 


Possibly     other     species 
of  tsetse  flies 


Bacteria 

Family  Bacteriaees 


Phylum  Protozoa, 
Subphylum    Mastigo- 

phora 
Order  Trypanosomatida 


Europe,  Mexico 


Deposited    in    feces    by  I  None.      Exclusively     in- 
louse      and      scratched       sect  borne 
into  skin 


South  America 


The  same  or  inoculated     Possibly  by  other  blood- 
into    blood    by    mouth       sucking  Hemiptera 
parts  of  bug 


Bacteria                                    Nearly  cosmopolitan           Directly  inoculated  into 
Family  Bacteriaoeae                                                                  blood  by  mouth  parts 

'     of  the  flea 

By    breath    of    a    plague 
victim  or  from  fomites 

Bacteria                                      Cosmopolitan 
Family  BacteriacesB 

Carried     externally     or    From    contaminated 
deposited  in  fly's  feces       milk,  water  or  food 
or  vomit  spots 

Bacteria                                    Cosmopolitan                         The  same                                 The  same 
Family  Bacteriacea; 

Phylum  Protozoa, 
Subphylum  Sporozoa, 
Class  Telosporidia, 
Order  Xenosporidia 

Unknown 


Southern  United  States, 
Central    and    South 
America,  South  Africa, 
Philippines,  Europe 


Directly  inoculated  into     None    except    by    other 
blood  by   mouth  parts  I     species 
of  the  tick 


Western  United  States 
and  Alaska;  Bitter 
Root  Valley  of  Mon- 
tana 


The  same 


None.      Exclusively 
tick  borne 


A  Spirochete 


Probably    Protozoa 
Sporozoa 


India,  Australia,  Brazil,  I  The  same 
North  America,  Persia, 
Egypt,  etc. 


None.      Exclusively 
tick  borne 


Japan  and  Formosa 


Directly  inoculated  into    None.     Exclusively 

blood   by    mouth  parts        mite  borne 
of  the  mite 


Thus,  in  the  case  of  Rocky  Mountain  spotted  fever,  the  spotted-fever 
tick  (Fig.  556)  is  the  carrier  and  man  is  the  victim  of  the  disease;  but 
some  other  animal  (probably  a  rodent)  is  believed  to  serve  also  to  keep 
the  causal  organism  alive  in  the  absence  of  man;  thai  is,  to  he  a  reservoir 
of  the  disease.  Again  the  problem  is  complicated  by  the  fact  that  the 
disease-causing  organism  may  pass  from  an  infected  insect  through  its 
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s  to  the  next  generation  of  the  insect  to  reappear  in  ;i  virulent  form 

again  after  a  long  period  of  latency. 

It  will  be  obvious  thai  in  the  relation  of  insects  to  animal  diseases 
jnst  as  in  their  connection  with  the  spread  of  plant  diseases  we  have  a 
subject  fraught  with  the  greatest  possibilities;  one  ueeding  vastly  more, 
careful  investigation;  and  one  calling  for  the  close  cooperation  of  expert 
entomologists,  expert  parasitologists  and  expert  physicians,  if  man  and 
his  domesticated  animals  are  speedily  to  be  freed  from  many  of  then- 
worst  ailments. 

C.  INSECTS  AS  DESPOILERS  OF  STORED  PRODUCTS  AND   OTHER 

MATERIALS 

We  have  reviewed  the  methods  of  injury  by  insects  to  living  plants 
and  to  living  animals,  including  man.  The  third  great  phase  of  insect 
injury  arises  from  the  fact  that  they  compete  with  us  for  the  possession 
and  use  of  practically  all  of  our  stored  products — both  stored  foods  and 
the  many  other  articles  with  which  we  habitually  surround  ourselves. 
We  find  here,  exactly  as  in  the  case  with  living  plants  and  living  animals, 
that  the  attacks  of  insects  are  motivated  mostly  by  hunger.  To  a  lesser 
degree,  damage  results  from  their  efforts  to  make  provision  for  their 
eggs  or  young  or  in  seeking  shelter  or  building  nests  for  themselves. 

Since  hunger  is  the  principal  motive  involved,  and  since  insects  eat 
organic  matter  of  every  kind,  and  practically  only  organic  matter,  it 
follows  that  the  chief  stored  products  to  be  protected  are  things  of 
plant  or  animal  origin,  including  grains,  seeds,  flour,  meal,  candies,  nuts, 
fruits,  vegetables,  meats,  fats,  milk,  cheese,  honey,  wax,  tobacco,  spices, 
drugs,  feathers,  furs,  leather  goods,  woolens,  paper,  books,  labels, 
photographs,  boxes,  furniture,  wooden  buildings,  bridges,  piling,  mine 
props,  telephone  poles,  railroad  ties  and  trestles,  and  collections  of 
insects,  plants  and  animals.  These  are  some  of  the  things  that  must 
be  guarded  from  insect  depredations. 

Many  other  things  not  of  an  organic  origin  are  generally  immune 
from  attack;  for  example,  jewelry,  metals  of  all  kinds,  pottery,  statuary, 
brick,  stone,  and  cement  work.  Even  these  inorganic  objects  are  not 
entirely  inviolate  by  insects.  A  species  of  powder-post  beetle  has  been 
given  the  name  of  lead-cable  borer1  because  of  its  troublesome  habit  of 
eating  holes  through  the  lead  sheathing  of  aerial  telephone  cables  (Fig. 
13).  These  holes  admit  moisture,  cause  short  circuits,  and  often  the 
insulation  becomes  water-soaked  and  ruined  for  an  appreciable  length, 
necessitating  splicing  and  resheathing.  In  southern  California  this 
type  of  insect  injury  is  reported  as  causing  about  one-fifth  of  all  aerial 
cable  troubles.  As  many  as  125  holes  to  a  span  of  100  feet  have  been 
found.      A  single  hole  may  put   from  50  to  (KM)  telephones  out  of  use  for 

1  U.  S.  Dcpt.  Agr.  Dept.  Bull.  1107,  1922. 
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from  1  to  10  days.  Termites  similarly  have  bored  through  the  lead  pipe 
and  the  coi ion  insulations  enclosing  underground  cables,  thus  ruining 
them  within  a  year  after  they  were  Laid  down.  Beetles  of  a1  least  a 
dozen  different  families,  besides  the  caterpillars  of  several  moths  and 
adult  wasps  of  several  kinds,  have  been  recorded  as  boring  I  hrough  metal. 
Some  years  ago,  one  of  the  large  railroads  discovered  that  a  mud-dauber 
wasp  was  causing  great  trouble  and  expense  by  building  its  mud  nests 
in  the  exhaust  port  of  the  pressure-retaining  valves  of  the  Westinghouse 


Fig.  13. — Holes  bored  in  the  lead  sheathing  of  aerial  cables  by  the  California  lead-cablo 
borer  (Scobicia  declivia  Lee),  from  various  localities  in  California.  (From  U.  S.  D.  A., 
Dipt.  Bull.  1107.) 

air  brake.     It  became  necessary  to  change  the  shape  of  the  valve  and 
the  form  of  its  opening  to  overcome  the  trouble. 


Food-infesting  Insects 

While  the  above  cases  are  spectacular,  it  must  be  borne  in  mind  that 
the  total  injury  by  all  of  the  insects  that  attack  inorganic  articles  in  all 
time  past  is  probably  exceeded  in  a  single  year  by  the  injury  of  any  one 
of  a  dozen  or  more  pests  of  stored  foods.  The  pests  of  stored  products 
are  the  most  expensive  of  all  insects  to  feed,  because  to  the  cost  of 
planting  and  cultivating  their  food  must  be  added  the  cost  of  harvesting 
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and  Btoring  it  and  sometimes  expenses  for  manufacturing,  selling,  and 
distributing  the  product  ■ 

In  times  of  stress,  attacks  by  insects  upon  man's  food  supply  may 
mean  death  to  thousands.  In  earlier  times  one  of  the  critical  duties  of 
sailors  upon  long  ocean  voyages  was  to  guard  the  ship's  biscuits  from 
the  ever-present  and  ravenous  cockroaches.  During  the  World  War, 
large  quantities  of  wheat,  badly  needed  by  the  European  nations,  were 
destroyed   by   weevils   in   Australia;   and   entomologists   were   hurriedly 

dispatched  to  check  the  destruction.  Seeds 
are  among  the  most  concentrated  foods 
known,  and  a  large  part  of  the  injury  to  stored 
products  is  to  seeds  of  our  cereal  and  legu- 
minous crops.  Of  the  many  animals  that 
compete  for  this  valuable  food  material  in  any 
community,  such  as  birds,  rats,  mice,  insects 
and  man,  insects  probably  get  the  largest  share, 
next  to  man. 

Dr.  Britton,  State  Entomologist  of  Con- 
necticut, estimated  in  1917  that  it  costs  the 
American  people  $200,000,000  a  year  to  feed 
the  insect  pests  of  stored  foods.  Every  indivi- 
dual can  recall  some  case  where  an  article  of 
food  had  to  be  discarded  because  insects 
"beat  man  to  it."  These  small  losses  make 
Fig.  it.    Ear  of  com  show-  in  the  aggregate  a  heavy  total.     And  to  the 


ing  the  silk  webs  formed  by  larvae 
of  the  Indian  meal  moth,  about 


total  of  small  losses  must  be  added  all-too- 

>3  natural  size.    (Reduced  from  frequent  cases  where  an  ent  ire  crop  in  storage, 

U.  S.D.A.  Farmers' Bull.  1260.)   ,t  e        i  ,  ,  • 

the  contents  ot   a  large  elevator,  or  a  ship- 
ment of  food  stuffs  has  been  rendered  unfit  for  human  consumption. 

The  method  of  attack  is  varied.  Some  species  hide  their  eggs  in  the 
developing  seeds  as  they  grow  in  the  field  and  the  injury  becomes  appar- 
ent only  after  the  immature  insects  have  been  carried  into  the  store-house. 
Such  is  the  case  with  the  bean  and  pea  weevils  (Figs.  516  and  517)  and 
the  Angoumois  grain  moth  (Fig.  513).  Other  kinds  enter  by  stealth  into 
kitchens,  granaries,  or  factories  and  deposit  their  eggs  on  cured  meats, 
harvested  seeds,  or  any  of  the  products  manufactured  from  the  raw-food 
materials.  Some  of  the  grain  insects  make  their  homes  inside  of  single 
whole  grains  during  all  of  their  growth;  others  attack  only  the  broken 
or  ground  seeds,  roaming  about  in  flour,  meal,  and  other  foods  and 
contaminating  much  more  than  they  eat,  with  their  excreta  or  the  silk 
that  they  spin  (Fig.  14).  Many  other  kinds  do  not  breed  in  the  stored 
foods,  either  having  nests  outside  and  entering  our  foods  only  on  foraging 
expeditions,  like  the  ants;  or  leading  a  gypsy  life,  like  the  cockroaches, 
which    are   objectionable    more    on    account    of   the    filth    and   disease 
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germs  fchat  they  probably  carry,  than  because  of  the  amount  of  food 
consumed. 

Two  orders  of  insects  are  of  prime  importance  as  pests  of  stored 
foods:  (a)  the  Coleoptera,  including  such  notorious  pests  as  the  granary 
weevil  (Fig.  0O8),  the  confused  flour  beetle,  the  saw-toothed  grain  beetle, 
the  pea  weevil,  the  bean  weevils,  the  larder  beetle,  and  many  others;  and 
(6)  the  Lepidoptera,  including  the  Angoumois  grain  moth,  the  Mediter- 
ranean flour  moth  (Fig.  514),  the  Indian  meal  moth,  and  others.  In  the 
former  of  these  groups,  both  the  grubs  or  larvae  and  the  adult  beetles 
feed  on  the  stored  materials,  while  among  the  moths  only  the  caterpillar 
is  directly  injurious.     In  addition  to  these  two  groups  of  most  importance, 


Flo.    15. — A  public  building,  the  foundation  timbers  of  which  have  been  badly  damaged  by- 
termites,  necessitating  extensive  repair  work.      (From  photo  by  Snyder,  U,  S.  D.  A.) 


such  scattered  pests  as  the  book  louse,  the  cheese  skipper,  the  cheese 
and  ham  mites,  and  the  red-legged  ham  beetle  sporadically  destroy  large 
quantities  of  food. 

No  other  economic  group  is  more  widely  and  equitably  distributed 
than  these  insects  of  stored  products.  Many  of  the  worst  kinds  are 
quite  cosmopolitan.  Some  of  them  have  been  said  to  have  spread  over 
an  entire  continent  in  two  or  three  years.  They  crawl  and  fly  about 
seeking  the  concentrations  of  attractive  foods  that  we  bring  together; 
they  enter  our  storehouses  on  the  crops  we  harvest;  they  are  distributed 
in  the  seeds  we  purchase  for  planting;  they  go  to  market  with  the  grains 
we  sell;  and  they  come  back  to  us  in  the  flour,  breakfast  cereals,  cakes, 
and  crackers  from  our  grocers. 
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Pests  of  Wood  and  Wooden  Articles,  Clothing,  and  Drui 

A  particularly  insidious  pest  Is  the  termite,  or  white  ant  (Fig.  H>7 
whose  fondness  for  a  diet  of  woody  tissues  leads  to  most  surprising 
invasions  of  dwellings  (Fig.  15),  libraries,  trestles,  mine  timbers,  and 
indeed  any  article  of  wooden  origin,  such  as  stores  of  paper  stock,  card- 
board boxes,  library  books  (Fig.  16),  and  the  like.  This  species  avoids 
the  light,  works  always  inside  the  structure  invaded,  and  as  a  result 
may  gain  great  headway  in  a  building  before  it  is  detected.  Many  cases 
are  on  record  of  extensive  damage  to  private  and  public  buildings  by 
this  insect,  and  its  numbers  seem  to  be  on  the  increase. 


Fig.   16. — A  book  from  an  Arkansas  library,  ruined  by  the  feeding  of  termites.      (From 

U.  S.  D.  A.  Farmers'  Bull.  759.) 

In  a  somewhat  different  way  the  silverfish  (Fig.  95)  usually  establishes 
itself  in  new  quarters  before  it  is  suspected,  because  it  is  nocturnal  and 
hides  in  cracks  during  the  daytime.  It  has  a  fondness  for  starchy 
material  and  glue,  which  leads  it  to  eat  at  book-bindings,  photographs, 
wall-paper  and  all  kinds  of  labels.  A  most  annoying  case  of  damage  by 
these  creatures  recently  came  to  our  attention.  In  a  large  engineering 
laboratory  it  wTas  discovered  that  the  silverfish,  in  order  to  get  the 
sizing  in  the  paper,  had  effaced  the  numbers  on  inventory  cards  that 
gave  the  only  clue  to  valuable  apparatus  out  on  loan. 

Everyone  has  had  the  discomfiting  experience  of  finding  that  furs, 
rugs,    upholstered    furniture,    and    winter    clothing    stored    during   the 
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slimmer,  have  been  so  eateil   by  clothes  mollis  as  to  render  fliem  useless 

(Fig.  17).  A  few  Insects  have  the  surprising  habil  of  feeding  upon  such 
things  as  drugs  and  tobaccos.  The  tobacco  beetle  riddles  cigars  arid 
cigarettes  with  fine  holes  (Kig.  18).  It  also  does  great  damage  to  uphol- 
stered furniture  and  in  wholesale  houses  sometimes  causes  losses  by 
tunneling  through  the  leather  soles  of  boots  and  shoes.  The  drug-store 
beetle  is  most  catholic  in  its  tastes,  having  been  found 
feeding  in  at  least  45  different  kinds  of  drugs,  some  of 
which  are  poisonous  to  man,  and  also  on  such  widely 
different  articles  as  books,  sheet  cork,  chocolate,  red  and 
black  pepper,  ginger,  and  yeast  cakes. 

Conclusion 

It  has  been  seen  how  widespread  and  diverse  is  the 
conflict  between  insects  and  man.  Our  growing  crops 
must  struggle  against  insect  attacks  from  the  time  the 


Fig.  17. — Overstuffed  winged  chair  damaged  by  clothes 
moths.  The  bare  spots  were  caused  by  the  moths  eating 
beneath  the  cover,  resulting  in  the  falling  out  of  the  mohair 
pile.      (From  Back  and  Cotton,  U.  S.  D.  A.) 


Fig.  18. — Cigar 
ruined  by  the  feed- 
ing of  the  tobacco 
beetle.     (Original.) 


Beed  is  planted  until  the  crop  is  safely  harvested — attacks  upon  leaves, 
branches,  stems,  roots,  buds,  blossoms,  and  fruits.  Our  domesticated 
animals,  and  man  himself,  are  harassed  and  bitten  and  worried  and  their 
bodies  infested  with  maggots  and  inoculated  with  disease.  Our  foods  are 
contaminated,  our  clothing  ruined,  our  books  and  papers  consumed,  the 
wires  that  carry  our  messages  rendered  ineffective,  and  the  timbers  of 
our  houses  eaten  piecemeal. 
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No  one  knows  how  much  better  off  man  might  l>e  were  ;tll  his  insect 
enemies  destroyed.     We  can  only  conjecture,  and  by  piecing  together 

scattered  records  from  many  individuals  of  authentic  losses,  arrive  at 

estimates  of  the  total.  Such  an  attempt  to  indicate  what  our  insect 
enemies  cost  us  is  given  in  Table  II.  These  estimates  arc  based  on  the 
commonly  accepted  belief  that  insects  destroy,  on  the  average,  and  the 
country  over,  at  least  10  per  cent  of  every  crop  grown  every  year.  We 
wish  it  to  be  understood  that  while  these  estimates  are  widely  accepted, 
we  are  not  responsible  for  them  except  as  they  are  applied  to  the  crop 
statistics  for  the  particular  year. 

Table  II. — The  Insects  of  the  United  States  in  Account  with  the  American 

People 

Debit 

Most  Important  Items  for  the  Year  19241 
Damage  to: 

2,43o,5l3,000  bu.  Corn  Crop $240,546,800 

872,073,000  bu.  Wheat  Crop 1 13,659, 000 

l,541,900,()()()t)ii.  Oats  Crop 73,949,500 

292,726,000  bu.  Barley,  Rye,  Rice  Crops 24,389,300 

112,450,000  tons  Play  Crop 140,704,800 

977,000  bu.  Cloverseed  Crop 1,336,200     . 

105,619,000  bu.  Grain  Sorghums  Crop 9,935,300* 

32,001,000  gal.  Sorghum  Syrup  Crop 2,759,500* 

6,893,000  tons  Sugar  Beet  Crop 4,989,000* 

636,462,000  lb.  Peanut  Crop 4,307,800* 

4,476,000  tons  Cottonseed  Crop 20,553,800* 

10,081,000  bale  Cotton  Crop 150,334,700* 

1,474,786,000  lb.  Tobacco  Crop 29,893,600* 

Total  estimated  damage  to  staple  crops  J>i/ insects.  .  %    829,419,900 

Damage  to: 

454,784,000  bu.  Potato  Crop $  29,486,100 

71,861,000bu.  Sweet  Potato  Crop 9,229,000 

15,740,000  bu.  Bean  Crop ..,748,000* 

7,288,000  bu.  Pea  Crop 3,678,900* 

16,318,000  bu.  Onion  Crop 2,533,700* 

740,000  tons  Cabbage  Crop 1.718,300* 

18,845,000  bu.  Vegetable  Seeds  Crop ,     2,500,000* 

Sweet     Corn,     Tomatoes,     Melons,     Cucumbers, 

Asparagus,  Hops,  and  Other  Truck  Crops 10,000,000* * 

Total    estimated   damage   to    vegetable    crops    by 

insects $      64,894,000 

Damage  to: 

179,443,000  bu.       Apple  Crop $  21,219,300 

51,679,000  bu.      Peach  Crop 6,591,400 

17,961,000  bu.       Pear  Crop 2,528,700 

16,500,000  boxes  Orange  Crop 8,415,000* 

8,000,000  boxes  Other  Citrus  Fruits 3,750,000*    

Total  estimated  damage  to  fruit  crops  by  insects. .  .  $      42,504.400 

1  In  the  case  of  the  items  starred  (*),  estimates  are  for  the  latest  year  available 
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I  Hunage  to: 

161,892,000  Flowers  and  Flowering  Plants $    6,189,200 

$15,487,000  Vegetables    and     Vegetable     Plants 

grown  under  glass 1,548,000 


Toted  estimated  damage  to  nursery  and  greenhouse 

products $       7,737,200 

Injury  to: 

18,263,000  head  of  Horses $  11,702,000 

5,436,000  head  of  Mules 4,570,000 

66,801,000  head  of  Milk  Cows  and  Cattle 100,452,000 

38,361,000  head  of  Sheep 3,020,000 

65,301,000  head  of  Hogs 6,371,000 

654,200,000  head  of  Chickens 8,208,000* 


Total  estimated  loss  in  livestock  production  by 

insects $    140,389,000 

Total    estimated    damage    to    all    products    in 

storage 300,000,000* 

Total  estimated  damage  to  forest  trees  and  forest 

products 130,000,000* 

Injury    by    transmission    of    Malaria    by    Mos- 
quitoes      $  50,000,000* 

Injury  by  transmission  of  Typhoid  Fever,  Tuber- 
culosis, Enteritis,  Diarrhea,  etc.,  by  House  Plies       25,000,000* 
Injury  by  transmission  of  Spotted  Fever  by  the 

Tick 100,000* 


Total  economic  loss  by  insects  that  carry  human 

diseases $      75, 100,000* 


Grand  total $1,590,044,500 


CHAPTER   II 

THE  VALUE  OF  INSECTS  TO  MAN 

So  much  of  the  writings  about  insects  must  necessarily  deal  with 
their  destructiveness  that  we  may  be  in  danger  of  forgetting  that  many 
insects  have  beneficial  attributes  and  habits  the  value  of  which  we  can 
hardly  overestimate.  It  is  a  little  startling  to  discover  that  this  humble 
class  of  animals  contributes  to  the  world's  commerce  products  that  sell 
for  more  than  $125,000,000  each  year,  in  the  United  States  alone;1  or 
to  read  from  the  pen  of  an  American  entomologist2  that: 

Except  for  the  check  put  upon  insect  multiplication  through  warfare  within 
the  insect  household,  by  which  one  species  of  insect  destroys  its  relatives,  no 
informed  naturalist  would  expect  the  survival  of  the  human  race  for  a  longer 
period  than  5  to  6  years.  Not  only  would  man's  food  supply  be  appropriated  by 
his  insect  enemies,  but  it  would  be  impossible  for  him  to  withstand  the  withering 
march  of  malaria,  yellow  fever,  typhoid,  bubonic  plague,  sleeping  sickness,  and 
other  maladies  transmitted  by  insect  carriers. 

In  this  we  see  an  important  reason  for  studying  these  creatures  very 
carefully,  in  order  that  we  may  be  able  to  distinguish  insect  friend  from 
insect  enemy.  Almost  any  entomologist  can  tell  from  his  own  experience 
of  incidents  where  farmers  have  gone  to  great  trouble  and  expense  to 
destroy  quantities  of  insects,  only  to  learn  later  that  the  insect  destroyed 
was  not  only  harmless  but  was  actually  engaged  in  saving  his  crops  by 
eating  the  destructive  form.  Certainly  most  entomologists  have  had 
correspondents  send  in  the  larvae  of  Syrphidae  or  lady  beetles  with  the 
complaint  that  they  were  injuring  plants;  at  the  same  time  overlooking 
the  smaller  aphids  which  were  causing  the  injury  and  which  these  larvae 
were  continually  devouring. 

Each  citizen  owes  it  to  himself  to  know,  as  well  as  possible,  the  sundry 
ways  in  which  beneficial  insects  affect  the  complex  currents  of  plant  and 
animal  life  to  his  advantage.  The  curious  facts  of  honey  production, 
silk  production,  and  shellac  production;  the  wonderfully  intricate 
mechanisms  of  pollinization;  the  nature  of  the  food,  and  the  means  of 
getting  it,  of  insectivorous  game,  fur-bearing  animals,  fish,  fowl,  and 
songbirds,  which  subsist  so  largely  on  insect  food;  the  possibilities  of 

1  See  "  Yearbooks,"  U.  S.  Dept.  of  Agr.;  statistics  on  silk,  honey,  beeswax,  shellac, 
etc. 

2  Gossard,  H.  A.,  " Relation  of  Insects  to  Human  Welfare,"  Jour.  Econ.  EntomoL, 
Vol.  2,  pp.  313-32,  October,  1909. 
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greatly  Increasing  the  quantity  of  certain  lish  and  game,  at  present  only 
a  delicacy  on  the  tables  of  the  wealthy  (or  the  lucky!);  the  overwhelming 

possibilities  for  human  ill  or  welfare  leashed  in  the  prodigious  hordes  of 
l>u<i;s  that  eat  each  other — all  these  things  arc  entomological  topics  that 
deserve  our  earnest  consideration. 

THE  WAYS  IN  WHICH  INSECTS  ARE  BENEFICIAL  OR  USEFUL  TO   MAN 

A.  Insects  produce  and  collect  useful  products  or  articles  of  commerce: 

1.  The  secretions  of  insects  are  valuable: 

(a)  The  saliva  of  the  silkworm  is  the  true  silk  of  commerce. 

(b)  Beeswax  is  a  secretion  from  hypodermal  glands  on  the  under  side  of  the 
honeybee's  abdomen. 

(c)  Shellac  is  the  secretion  from  hypodermal  glands  on  the  back  of  a  scale  insect 
of  India. 

(d)  The  light-producing  secretion  of  the  giant  firefly  of  the  tropics  is  used  in 
minor  ways  for  illumination,  and  may  point  the  way  to  the  synthesis  of  a 
substance  giving  brilliant  light  with  almost  no  accompanying  heat. 

2.  The  bodies  of  insects  are  useful  or  contain  certain  useful  substances: 

(a)  Cochineal  and  crimson  lake  are  pigments  made  by  drying  the  bodies  of  a 
cactus-scale  insect  of  the  tropics. 

(b)  Cantharidin  is  secured  from  the  dried  bodies  of  a  European  blister  beetle 
known  as  the  "Spanish  fly." 

(c)  Extracts  from  the  bodies  of  honeybees  and  cockroaches  are  used  to  some 
extent  as  medicine. 

(d)  Insects,  such  as  the  hellgrammite  or  dobson,  are  widely  used  as  fish  bait, 
and  the  best  artificial  flies  are  modeled  after  insects. 

3.  Insects  collect,  elaborate,  and  store  plant  products  of  value: 

(a)  Honey  is  nectar  assembled  from  blossoms — concentrated,  modified  chem- 
ically, and  sealed  in  waxen  bottles  by  the  honeybee. 

4.  Insects  cause  plants  to  produce  galls,  some  of  which  are  valuable: 

(a)  Tannic  acid  from  insect  galls  has  been  used  for  centuries  to  tan  the  skins  of 
animals  for  leather  or  furs. 

(b)  Many  insect  galls  contain  materials  that  make  the  finest  and  most  perma- 
nent inks  and  dyes. 

B.  Insects  aid  in  the  production  of  fruits,  seeds,  vegetables,  and  flowers,  by  pollinizing  the 
blossoms: 

1.  Most  of  our  common  fruits  are  pollinized  by  insects.     The  growing  of  Smyrna 
figs  is  dependent  upon  a  small  wasp  that  crawls  into  the  flower  cluster. 

2.  Clover  seed  does  not  form  without  the  visit  of  an  insect,  usually  some  kind  of  a 
bee,  to  each  blossom. 

3.  Peas,  beans,  tomatoes,  melons,  squash,  and  many  other  vegetables  require 
insect  visits  before  the  fruits  "set." 

4.  Many  ornamental  plants,  both  in  the  greenhouse  and  out-of-doors,  are  pollin- 
ized by  insects;  for  example,  chrysanthemums,  iris,  orchids,  and  yucca. 

C.  The  bodies  of  insects  serve  as  food  for  many  animals  that  arc  valuable  to  us: 

1.  Many  of  our  food  fish  subsist  largely  upon  aquatic  insect s. 

2.  Many  highly  prized  song  and  game  birds  depend  upon  insects  for  a  large  per- 
centage of  their  food. 

3.  Chickens  and  turkeys  naturally  feed  upon  insects  and,  under  propel-  conditions, 
can  be  raised  almost  exclusively  on  such  a  diet. 
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4.  Hogs  may  feed  and  fatten  upon  white  grubs  looted  from  the  soil. 

5.  A  few  of  the  wild,  fur,  and  game  animals  cat  insects;  for  example,  skunk  and 

raoooon. 

6.  In  many  parts  of  the  world,  from  ancient  times  to  the  present  day,  insects  have 
been  eaten  extensively  by  human  beings.  ( Jrasshoppers,  crickets,  walking  sticks, 
beetles,  caterpillars  and  pupa*  of  moths  and  but  terflies,  termites,  large  ants,  aquatic 
bugs,  cicadas,  bee  laTVffi  and  pups,  are  prized  as  food  by  most  of  the  more  primitive 
races  of  men. 

I >.   Man//  insects  destroy  other  injurious  insects: 

1.  As  parasites,  living  on  or  in  their  bodies  and  their  eggs. 

2.  As  predators,  capturing  and  devouring  other  insects. 

E.  Insects  destroy  various  weeds. 

F.  Insects  improve  the  physical  condition  of  the  soil  and  promote  its  fertility: 

1.  By  burrowing  throughout  the  surface  layer. 

2.  Their  dead  bodies  and  droppings  serve  as  fertilizer. 

G.  Insects  perform  a  valuable  service  as  scavengers: 

1.  By  devouring  the  bodies  of  dead  animals  and  plants. 

2.  By  burying  carcasses  and  dung. 

//.  Certain  insects  are  indispensable  in  scientific  investigations: 

1.  The  ease  of  handling,  rapidity  of  multiplication,  and  low  cost  of  keeping  and 
rearing  have  made  the  pomace  fly  invaluable  in  the  study  of  genetics. 

2.  Studies  of  variation,  geographical  distribution,  and  the  relation  of  color  and 
pattern  to  surroundings  have  been  greatly  advanced  through  the  study  of  insects. 

3.  Principles  of  regeneration  and  parthenogenesis  have  been  discovered  by  the 
study  of  insect  physiology. 

4.  The  behavior  and  psychology  of  higher  animals  has  been  illuminated  by  a  study 
of  the  reactions  of  insects,  whose  behavior  can  be  analyzed  into  very  simple  tropisms. 
Valuable  lessons  in  sociology  have  been  deduced  from  a  consideration  of  the  economy 
of  social  insects. 

/.    Insects  have  (esthetic  and  entertaining  value: 

1.  Their  shapes,  colors,  and  patterns  serve  as  models  for  artists,  florists,  milliners, 
and  decorators. 

2.  The  more  highly  colored  and  striking  forms  are  much  used  as  ornaments  in 
trays,  pins,  rings,  necklaces,  and  other  jewelry. 

3.  Moths  and  butterflies  are  universally  admired,  while  those  who  use  the  micro- 
scope find  much  to  admire  in  the  colors  and  patterns  of  many  of  the  smaller  insects. 

4.  The  songs  of  insects  have  been  found  highly  interesting. 

5.  Insects  have  served  as  subject  matter  for  hundreds  of  poems. 

6.  The  inimitable  variety  found  among  insects,  and  their  curious  habits,  afford 
entertainment  and  diversion  for  thousands  who  collect  and  study  them. 

7.  The  Orientals  gamble  on  crickets  trained  for  fighting. 

Useful  Insect  Products 

The  most  obvious  and  tangible  of  the  benefits  that  arise  from  insect 
activities  is  the  utilization  of  the  things  that  insects  make,  collect,  or 
produce. 

Silk. — Preeminent  among  insects  valuable  in  this  way  is  the  silk- 
worm. Very  few  persons  know  the  silkworm  by  sight,  but  everyone 
knows    the    product    it    manufactures.     Those    who    use    this    product 
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most,  seldom,  if  ever,  think  of  its  lowly  origin;  many  doubt  less  do  not 
know  that  silk  is  caterpillars'  spit  lie. 

The  parent  of  the  silkworm  is  a  creamy  white  moth  (Fig.  19)  about 
2  inches  across  the  open  wings.     It  is  fat  bodied  and  feeble  winged;  it 

scarcely  ever  flies;  it  takes  no  food  and  lives  only  2  or  3  days,  but  long 
enough  to  mature  and  lay  300  or  400  eggs.  This  insect  has  been  a 
creature  of  domestication  from  time  beyond  memory  and  history,  a 
captive  and  slave  to  man.  For  more  than  35  centuries  it  has  toiled 
ceaselessly  for  man;  countless  generations  laying  their  eggs,  eating  the 
mulberry  leaves  provided  for  them  in  the  larval  stage,  spinning  their 


In;.    19. — The  parent  or  moth  stage  of  the  silkworm,  about  natural  size.      Male  above, 

female  below.      (From  Sling erland.) 

cocoons,  and  then  dying — a  perpetual  sacrifice  to  man's  and  woman's 
demand  for  adornment.  For  more  than  2,000  years,  only  the  Chinese 
people  knew  where  silk  came  from.  They  punished  with  death  anyone 
who  tried  to  take  the  eggs  or  silkworms  out  of  their  country,  and  it  is 
said  that  this  material  was  sometimes  valued  at  its  weight  in  gold.  But 
in  the  year  555  a.  d.,  two  monks  were  sent  as  spies  to  China  and  brought 
back  to  Constantinople  some  eggs  of  the  silkworm  moth  concealed  in  a 
staff  that  they  carried.  In  this  humble  way,  silk  culture  was  introduced 
into  Europe. 

Silkworms  are  the  larva*,  or  "worm  stage"  of  the  moth,  Bombyx 
mori  Linn.  They  hatch  from  the  eggs  laid  by  the  moth  and  in  3  or 
1  weeks  have  grown  to  fat  caterpillars  about  3  inches  long  (Fig.  20). 
Then  comes  the  marvelous  metamorphosis  that  converts  the  caterpillar 
into  a  moth  like  its  parents.  That  this  transformation  might  take  place 
most  safely,  the  last  act  of  the  larva  is  to  enclose  itself  in  a  silken  house. 
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This  house  is  constructed  out  of  a  curious  saliva  thai  hardens  at  once 
upon  exposure  to  the  air  bo  form  soft  delicate  threads  of  remarkable 
strength  and  pliability.  These  silken  threads  are  formed  by  a  silkworm 
at  the  average  rate  of  about  6  inches  a  minute.  The  house  building  or 
cocoon  making  occupies  3  days.  When  its  cocoon  is  completed,  the 
larva  changes  to  a  pupa  or  chrysalid,  which,  if  allowed  to  live,  i  ransforms 
to  a  moth  2  or  3  weeks  later.  When  the  moth  is  fully  developed  and 
ready  to  emerge,  it  secretes  an  alkaline  fluid  that  softens  one  end  of  the 
cocoon,  and  breaking  the  strands  of  silk,  it  squeezes  out — a  soft,  feeble, 
crumpled  adult. 

The  substance  that  is  so  skilfully  wound  together  to  make  the  cocoon 
is  produced  from  true  salivary  glands  (Figs.  54,  sg  and  81,  sg)  that  open 
through  the  mouth.  All  during  the  growth  of  the  larva,  these  large 
glands  are  being  filled  with  the  relatively  enormous  quantity  of  fluid 
necessary  to  make  the  cocoon.     This  secretion  has  a  commercial  value 


Fig.  20.- — 'The  full-grown  silkworm  (larva)  about  natural  size.      (From  "Silk,  Its  Origin, 
Culture  and  Manufacture"  courtesy  Corticelli  Silk  Company.) 


of  from  $200,000,000  to  $500,000,000  a  year.  From  50,000,000  to 
70,000,000  pounds  of  it  are  marketed  each  year  as  raw  silk.  It  requires 
more  than  25,000  cocoons  (Fig.  21)  to  make  a  pound  of  silk.  The  pro- 
duction of  this  vast  quantity  of  silk  floss,  therefore,  is  accompanied  by 
the  sacrifice  of  the  lives  of  billions  of  caterpillars. 

Each  cocoon  is  composed  of  a  single,  continuous  thread  commonly 
averaging  about  1,000  feet  in  length.  If  the  moth  were  allowed  to 
emerge,  this  single,  unbroken  thread  would  be  dissolved  and  broken 
into  hundreds  of  tiny,  useless  pieces.  The  silk  grower  needs  compara- 
tively few  moths  to  provide  a  new  stock  of  eggs.  He  does  need  millions 
of  cocoons.  The  other  cocoons  must  be  saved  from  injury  by  the  moth. 
Accordingly,  about  10  days  after  they  have  made  their  cocoons,  the 
caterpillars  or  their  pupse  are  killed  by  dropping  the  whole  lot  into  hot 
water,  by  steaming  them,  by  dry  heat,  or  by  fumigation.  The  cocoons 
are  then  assorted  according  to  color  and  texture,  the  loose  outer  threads 
removed,  the  cocoons  soaked  in  warm  water  to  soften  the  gum  that 
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hinds  the  silk  threads  together,  and  skilfully  unwound  by  expert  oper- 
ators.    The   threads   from   several  cocoons  arc   wound  together  onto 

wheels  to  form  the  reels  of  raw  silk.  Subsequently,  the  raw  silk  is 
boiled,  scoured,  Bteamed,  stretched,  purified  by  acids  or  by  fermentation, 
washed  and  rewashed,  to  remove  the  gum  and  bring  out  the  much-prized 
luster;  and  finally,  combed  and  untangled,  it  is  ready  for  spinning  into 
the  beautiful  fabrics  that  eventually  appear  upon  the  market  to  beautify 
our  homes  and  adorn  our  bodies. 

Many  kinds  of  moths  (and  insects  of  some  other  orders)  thus  spin 
cocoons  for  the  protection  of  the  pupa  stage  (see  Fig.  85).  But  one 
species  chiefly  is  cultivated  for  this  purpose,  largely  because  of  the  ease 
with  which  the  larva?  and  adults  are  handled  and  kept  captive  and  the 


FlQ.   21. — Cocoons  of  the  silkworm  from  which  the  true  silk  of  commerce  is  unwound, 
about  one-half  natural  size.      (From  Garman,  Ky.  Agr.  Exp.  Sta.) 

readiness  with  which  this  particular  cocoon  can  be  unwound.  Sericulture 
has  been  given  serious  study  and  is  an  important  industry  in  Italy, 
France,  Spain,  China,  and  Japan,  where  the  silk-growing  peasants  rear, 
feed,  and  tend  these  worms  from  eggs  to  cocoons  as  carefully  as  farmers 
in  America  rear  sheep,  cattle,  hogs,  or  poultry.  The  chief  reason  that 
silk  growing  is  not  followed  in  America  is  that  the  higher  cost  of  American 
labor  does  not  enable  us  to  compete  with  the  Orient. 

Honey. — Man  has  domesticated  many  kinds  of  animals  and  directed 
their  activities  so  that  the  products  resulting  from  their  life  processes 
might  be  available  for  his  use.  Of  the  many  species  of  insects  only 
two,  the  silkworm  and  the  honeybee,  have  been  domesticated.  These 
are  so  remarkably  successful  that  one  wonders  if  there  are  not  many 
other  kinds  that  could  be  domesticated  with  profit. 

Many  kinds  of  bees  and  wasps  store  honey  as  food  for  themselves 
and  their  young.  Rut  here  again,  as  wil  li  t  he  silkworm,  only  one  species 
of  outstanding  merit  has  found  a  place  in  the  husbandry  of  man. 
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Fig,   22.— A  bit  of  honeybees'  comb  in  section,  showing  the  waxen  bottles  in  whinh 
honey  is  being  stored  and  uh,,h  serve  also  as  cells  for  the  protection  of  the  egg  larvaT and 
pupal  stages  of  the  bees.     Note  the  two  eggs  and  the  partly  grown  Larva      Abovl  at  lei 
a  held  bee  IS  transferrin,  her  load  of  nectar  to  a  hive  bee.      At  the  right  alive  bee  Ts  rip   n     . 
the  nectar  by  forcing  it  in  and  out  of  her  mouth.      (After  Park,  in  Jour.  EcZn \  EntomoL. 
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In  this  ease,  the  insect  is  not  the  primary  benefactor  to  the  same 
degree  in  which  the  silkworm  is.  It  docs  Dot  make  the  raw  product, 
but  is  only  an  intermediary  between  honey-bearing  plants  and  the 
human  race.  Plants  secrete  nectar  in  profusion,  but  in  such  numerous 
and  infinitesimally  small  portions  that  man  unaided  could  never  afford 
to  collect  it.  It  requires  from  40, 000  to  80,000  trips  of  a  honeybee,  and 
visits  to  many  times  this  number  of  flowers,  to  find  and  assemble  nectar 
enough  to  make4  a  pound  of  honey.  The  average  trip  is  thought  to  be 
about  1  or  1 !  2  miles.  Hence,  for  a  single  bee  to  collect  nectar  enough 
for  1  pound  of  honey  would  mean  traveling  at  least  twice  the  distance 
around  the  world. 

Driven  by  an  instinct  to  provide  for  their  young  and  to  fortify  them- 
selves against  times  of  want,  and  operating  in  almost  countless  num- 
bers, day  after  day,  trip  after  trip,  bit  by  bit,  the  bees  gather  these 
sugar-bearing  secretions  of  plants  and  store  their  treasures  in  min- 
ute waxen  bottles  of  their  own  making.  In  this  way  200,000,000  to 
100,000,000  pounds  of  this  product  are  collected  and  stored  annually 
in  the  United  States.  Billions  of  pounds  of  nectar  go  to  waste  each 
year  for  want  of  enough  bees  to  gather  it. 

While  the  bees  cannot  be  said  to  manufacture  this  product,  their 
contribution  is  not  solely  that  of  harvesters.  The  nectar  that  is  swal- 
lowed undergoes  some  chemical  change  due  to  intermixture  with  the 
saliva.1  Some  ingredients  of  the  bees'  own  elaboration  are  probably 
added  to  the  secretions  of  the  plant  and  the  large  and  variable  water 
content  of  the  different  nectars  is  greatly  reduced. 

The  nectar  obtained  from  flowers,  after  being  mixed  with  saliva  and 
swallowed,  is  carried  in  the  honey  sac  (crop)  until  the  bee  reaches  the 
hive.  The  honey  sac  is  a  kind  of  first  stomach  surrounded  by  muscles 
and  provided  with  valves  so  arranged  that  its  contents  may  be  passed 
on  into  the  stomach  or,  by  compression,  emptied  back  through  the  mouth 
parts  into  the  cells  of  the  hive  (Fig.  22).  The  nectar  is  concentrated  by 
evaporation  of  a  large  part  of  its  water  content  in  a  strong  current  of 
air  produced  over  the  cells  by  the  rapid  beating  of  the  wings  of  the 
worker  bees.  When  a  cell  is  filled  with  properly  "ripened"  honey,  it  is 
capped  over  with  wax  and  appears  in  the  form  familiar  to  everyone  as 
comb  honey.  Nectar  or  honey  forms  the  principal  food  of  adult  and 
larval  bees. 

Beeswax. — The  life  processes  of  the  honeybee  also  give  us  the  useful 
material  known  as  beeswax.  Besides  forming  the  cells  in  wrhich  the 
honey  is  stored,  and  serving  as  "cradles"  for  the  bees  during  their 
development  (Fig.  22),  beeswax  is  extensively  used  in  many  arts  and 
trades.     From    12,000,000    to    15,000,000    pounds   of    it,    worth    several 

1  Saccharose  (cane  sugar)  is  changed  to  glucose  (grape  sugar)  and  levulose  (fruit 
sugar).     These  "invert"  sugars  are  more  readily  assimilated  by  man. 
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million  dollars,  arc  used  in  the  United  States  each  year.  This  material 
is  a  natural  secretion  of  the  worker  bees  that  is  poured  oul  in  I  bin  delicate 
M-;iles  or  flakes  on  the  underside  of  the  abdomen  (Fig.  23).  Its  produc- 
tion directly  follows  the  digestion  of  a  quantity  of  honey,  a  pound  of 
wax  resulting  from  the  consumption  by  the  worker  bees  of  from  'A  to 
20  pounds  of  honey  in  about  24  hours'  time. 


Fig.  23.— Scales  of  wax  on  the  ventral  side  of  the  abdomen  of  the  honeybee.  Beeswax 
is  a  secretion  from  hypodermal  glands  that  open  through  the  cuticula  of  the  bee.  (From 
H.  F.  Wilson.) 

Shellac— A  tiny  species  of  scale  insect  (related  to  our  fruit  pest,  the 
San  Jose  scale)  yields  the  substance  from  which  shellac  is  made.  This 
substance  is  extensively  used  in  making  varnishes  and  polishes,  for 
finishing  woods  and  metals;  for  stiffening  hat  materials;  as  an  ingredient 
of  lithographic  ink;  as  sealing  wax;  as  an  insulating  material  in  electrical 
work;  and  in  making  phonograph  records,  airplanes,  linoleum,  buttons, 
shoe  polishes,  pottery,  toys,  and  imitation  fruits  and  flowers.  That 
this  substance  is  derived  from  an  insect  is  realized  by  very  few  persons. 

The  lac  insect,  Tachardia  lacca  Kerr  (Fig.  24),  lives  on  native  forest 
trees  in  India.  The  natural  function  of  the  lac  is  to  protect  the  motionless 
insect  from  adverse  weather  and  natural  enemies.  On  contact  with  the 
air  the  resinous  secretion  hardens,  and  where  the  insects  are  closely 
crowded  together  it  forms  a  continuous  layer  over  the  branches  (Fig. 
24,  A).     In  this  condition  the  substance  is  known  as  stick  hie. 
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About    lo, ooo, ooo  pounds  of  slick  lac  are  collected  annually,     [t  is 
ground   in   crude,   hand-operated   mortars  and   the   resulting  material 

separated  into  (a)  granules  <>f  lac  known  as  seed  hie,  (h)  dust,  which  is 
used  to  make  toys,  bracelets,  and  bangles,  and  (c)  wood  which  is  used 
as  fuel.      The  seed  lac  is  next  soaked  in  water  and  treaded  by  foot,  which 


Fig.  24. — The  lac  insect.  A,  a  piece  of  twig  thickly  encrusted  with  lac.  The  part  on 
the  right  is  broken  open  to  show  the  worm-like  lac  insects  in  their  cells.  Each  living  insect 
communicates  with  the  exterior  through  three  small  apertures,  shown  on  the  surface  of  the 
encrustation.  (About  natural  size.)  B,  the  young  lac  insect  (first  instar  nymph  or 
"crawler")  greatly  enlarged.  C,  the  body  of  an  adult  female  lac  insect,  freed  from  its  resin- 
ous secretions,  as  seen  from  the  side.  At  the  upper  end  is  the  segmented  abdominal  extrem- 
ity of  the  insect,  terminating  in  the  fringed  anus.  At  the  left  is  the  dorsal  spine  and 
overhanging  it  the  two  respiratory  processes  which  guard  the  spiracles.  The  mouth  parts 
are  at  the  lower  extremity  and,  during  life,  inserted  in  the  bark.  About  twelve  times 
natural  size.      ( Modified  from  Green,  "  Coccidce  of  Ceylon.") 


crushes  and  washes  out  the  wine-colored  pigments  that  were  formerly 
sold  as  dyes  but  no  longer  have  any  commercial  value.  The  granular 
lac,  after  drying  and  bleaching  in  the  sun,  is  placed  in  slender  cloth 
bags,  10  or  12  feet  long,  heated  by  open  charcoal  fires,  and,  by  the 
twisting  of  the  ends  of  the  bag,  is  forced  out  as  it  melts,  and  drops  upon 
the  floor  (Fig.  25).     Before  these  pads  of  melted  lac  have  had  time  to 
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congeal,  they  are  grasped  by  natives  wli<>  stretch  them  wit li  their  hands, 
teeth,  and  feel   to  extremely  thin  sheets.1     After  drying,  these  sheets 

are  broken  into  thin,  small  Makes;  in  this  condition  they  are  shipped. 
Dissolving  the  flake  lac  produces  the  familiar  white  or  orange  liquid 
shellac. 

The  lac  industry  is  an  ancient  one,  certainly  several  thousand  years 
old.  The  material  has  been  used  as  a  varnish  at  least  since  1590.  The 
insect  is  not  domesticated  nor  even  cultivated,  but  lives  in  such  abun- 
dance on  the  forest  trees  that  millions  of  the  poorer  classes  of  India 


Fig.   25.-    Indian    natives   molting  lac.     One   step   in   the   preparation    of   shellac    for 
tlu*    market.      (From    "Shellac:    A    Story  of    Yesterday,    Today,   and    Tomorrow,"    courtesy 

Janus  B.  Day  &  Co.) 


find  in  this  industry  their  sole  means  of  livelihood.  No  superior  modern 
substitute  has  been  found.  From  $10,000,000  to  $20,000,000  worth 
of  this  product  is  used  in  the  United  States  each  year.  Of  late,  extensive 
fluctuations  in  the  abundance  of  the  insect  have  led  to  the  suggestion  of 
simple  routine  methods  of  manipulation  intended  to  reduce  the  extent 
of  parasitism  and  increase  the  "set"  of  young  insects  on  the  host  trees; 
and  machine  methods  are  now  being  used  to  some  extent  in  producing 
the  lac.  Doubtless  many  other  improvements  will  be  initiated  from 
time  to  time  as  the  demand  for  the  product  makes  necessary  a  more 
economical  method  of  production.  Recently  a  synthetic  lacquer  has 
been  produced  which  will  doubtless  supplant  the  true  shellac  for  many 
purposes. 

Light  without  Heat. — One  of  the  most  remarkable  phenomena  in  nature  is  the 
property  that  many  animals  possess  of  emitting  light,  "  phosphorescence."  This 
phenomenon  is  known  among  the  Protozoa,  Coelenterata,  Mollusca,  Annelida,  fishes, 

1  See  "Shellac:  A  Story  of  Yesterday,  Today  and  Tomorrow,"  James  B.  Day  and 
Company. 
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birds,  Crustaoea  and  others,  I  >u  t  doubtless  the  best-known  examples  are  among  the 
beetles,  commonly  known  as  fireflies  or  lightning-bugs.1     (See  Fig,  125.) 

The  substance  that  gives  rise  to  the  light  rays  is  not  phosphorus  hut  has  been 
called  luciferin.  It  is  formed  in  certain  specialized  cells  of  the  insect  body.  These 
cells  are  abundantly  supplied  with  tracheae  or  breathing  tubes.     When  air  is  admitted 

Under  the  control  of  the  insect,  the  combustion  of  the  luciferin  takes  place  in  the  cells 
thai  produce  it  and  the  production  of  light  is  instantaneous.  The  insect  body  is 
generally  provided  with  ;i  reflector  for  the  light,  formed  by  a  white  material  (probably 
ammonium  urate),  secreted  by  the  cells  directly  behind  the  photogenic  tissues. 

The  light  emitted  by  our  fireflies  is  most  remarkable  in  having  the  maximum  of 
visibility  (from  92  to  nearly  100  per  cent  light  rays)  and  practically  no  heat  rays  or 
ultra-violet  rays.  In  the  ordinary  gas  flame,  by  contrast,  only  2  per  cent  of  the  energy 
is  converted  into  light  rays,  the  rest  being  lost  as  low  heat  rays;  in  the  electric  arc  only 
10  per  cent  of  the  energy  produces  light;  while  sunshine  is  only  35  per  cent  light. 

Some  slight  use  has  been  made  of  these  light-giving  insects  as  ornaments,  as  an 
artificial  illuminant,  and  in  photography.  But  the  significant  benefit  we  may  hope  to 
derive  from  them  is  guidance  to  the  synthesis  of  a  luciferin  in  the  chemical  labora- 
tory which  may  give  to  the  world  an  artificial  illuminant  many  times  as  efficient  as 
tin1  best  artificial  lights  of  the  present  day. 

Cochineal. — Cochineal,  a  beautiful  carmine-red  pigment  or  paint,  is  the  dried, 
pulverised  bodies  of  a  kind  of  scale  insect  (Coccus  cacti  Linn.),  that  lives  on  the  prickly 
pear  (Opuntia  coccinellifera) .  Cochineal  is  now  used  principally  as  a  cosmetic  or 
rouge;  for  decorating  fancy  cakes;  for  coloring  beverages  and  medicines;  for  dyeing 
where  unusual  permanence  is  desired;  and,  because  of  its  property  of  allaying  pain, 
for  treating  whooping  cough  and  neuralgia. 

It  was  known  and  used  by  the  Aztecs  in  Mexico  before  the  discovery  of  America, 
and  until  the  aniline  dyes  came  on  the  market  was  a  very  important  product.  The 
cochineal  insect  is  now  cultivated  principally  in  Honduras  and  the  Canary  Islands, 
though  still  a  product  from  Mexico,  Peru,  Algiers,  and  Spain.  The  insects  are  care- 
fully cultivated.  The  Mexicans  keep  them  indoors  over  winter  on  branches  cut  in 
the  fall  from  the  prickly  pear.  In  spring,  they  put  the  females  out  in  little  straw  nests 
fastened  to  the  cacti.  The  young  bugs  settle  on  the  cactus  and  in  3  months'  time 
tire  cochineal  insects  are  fully  developed  and  ready  to  harvest.  The  branches  are 
broken  off,  the  insects  brushed  from  them  into  bags  and  killed  by  hot  water,  steam, 
dry  heat,  or  drying  in  the  sun.  The  impurities  are  then  removed  and  the  product  is 
ready  for  the  market.     It  requires  about  70,000  insects  to  make  a  pound  of  cochineal. 

Insects  as  Medicine. — Many  kinds  of  insects  have  been  reputed  to  possess  medici- 
nal properties.  In  fact,  during  the  seventeenth  century  some  curative  power  was 
attributed  to  almost  every  known  insect.  At  that  time  the  belief  prevailed  that 
every  creature  possessed  some  special  usefulness  to  man.  No  other  virtue  being 
apparent  for  many  of  the  insects,  special  therapeutic  qualities  were  ascribed  to  them.1 
Of  course,  the  vast  majority  of  such  recommendations  are  pure  quackery  and  are 
founded  on  the  rankest  of  superstition.  Examples  are  the  reputed  belief  that 
the  bite  of  a  katydid  or  cricket  will  remove  warts;  that  cockroaches,  crickets,  or  ear- 
wigs, variously  bruised,  burned,  or  boiled  and  properly  compounded  and  applied, 
will  cure  earache,  weak  sight,  ulcers,  and  dropsy. 

Certain  insects,  however,  do  have  a  real  medicinal  value,  notably  the  honeybee 
(Apis)  and  blister  beetles.  The  best  known  of  the  blister  beetles  is  the  so-called 
Spanish  fly  Lj/tta  vesicatoria  Linn.)  that  occurs  in  great  abundance  in  France  and 
Spain.  This  is  a  relative  of  our  American  blister  beetles  or  "old-fashioned  potato 
beetles."      These  insects  have  in  their  blood  and  internal  organs  a  substance  known 

1  The  phosphorescent  insects  belong  in  the  genera  Phot  in  us  and  Latnpyrw  of  the 
family  LampyridsB  and  in  the  genus  Pyrophorus  of  the  family  Klaterida). 
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m  cattiharidin  (CiUHi->0.i).     It  was  formerly  greatlj  used  ternal  local  irritant 

or  blister.  Lloyd1  says  that  "the  barbarisms  practiced  upon  the  American  people 
during  the  nineteenth  century  by  the  application  of  oantharis  blistei  for  all  wrl 
ailments,  overtopped  the  tin-cry  endured  by  those  who  Buffered  in  the  «rar  of  the 
Revolution."  This  material  was  also  much  used  as  an  aphrodisiac  before  Its  dangerous 
nature  was  appreciated.  At  present  it  has  a  place  as  an  internal  treatment  in  certain 
diseases  of  the  urino-genital  system  and  in  animal  breeding. 

While  the  use  of  cantharidin  appears  to  be  dying  out,  the  use  of  .1  pis  as  a  pharma- 
ceutical preparation  of  recognized  merit  has  increased  in  the  pas'!  century.  The 
preparation  known  as  "specific  medicine  Apis"  is  extracted  from  the  bodies  of  honey- 
bees by  killing  them  in  alcohol  while  they  are  intensely  excited,  and  digesting  their 
bodies  in  this  medium  for  a  month  at  a  warm  temperature.  It  is  finally  broughl  to  a 
strength  representing  2  ounces  of  bees  to  1  pint  of  the  medicine.  In  1858,  this  prepara- 
tion was  said  to  be  the  most  universally  useful  remedy  next  to  aconite.  It  is  used  by 
many  physicians  for  the  treatment  of  "hives,"  diphtheria,  scarlet  fever,  erysipelas, 
dropsy,  urinary  irritation,  and  all  kinds  of  cedema  accompanied  by  swelling  and 
burning.1 

Use  of  Insect  Galls. — The  injury  to  plants  by  insect  galls  was  discussed  in  Chap.  I. 
These  galls  contain  certain  valuable  products  that  have  been  used  in  a  variety  of  ways. 
Many  superstitions  have  attached  to  these  remarkable  growths  on  plants.2  However, 
certain  galls  are  reputed  to  have  genuine  medicinal  or  curative  properties.  The 
Alleppo  gall,  or  gall  nut,  of  western  Asia  and  eastern  Europe  has  been  used  in  medicine 
since  the  fifth  century  B.C.  It  is  a  powerful  vegetable  astringent,  tonic,  and  antidote 
for  certain  poisons. 

Other  galls  have  been  used  as  dyes.  The  African  Somali  women  use  them  as  a 
tattooing  dye.  The  Turks  secure  a  fine  scarlet  color  from  a  reddish  gall  on  oak. 
Turkey  red  is  dyed  from  the  "mad  apple"  in  Asia  Minor.  The  ancient  Greeks  used 
the  Alleppo  gall  for  dyeing  wool,  hair,  and  skins;  more  recently  great  quantities  of  it3 
have  been  used  in  dyeing  leather  and  seal  skins.  Tannic  acid  occurs  in  high  percent- 
ages (30  to  70  per  cent)  in  many  of  these  gulls,  which  are  the  richest  of  all  sources 
of  this  material. 

Galls  are  used  in  the  preparation  of  very  durable  and  permanent  inks.  In  some 
countries  the  laws  require  that  certain  records  be  made  with  ink  compounded  of  gall 
nuts. 

Insects  as  Pollinizers 

The  maintenance  of  plant  life  generation  after  generation  may  be 
accomplished  by  asexual  reproduction  (the  formation  of  buds,  bulbs, 
and  tubers),  or  by  sexual  reproduction,  in  which  one  specialized  repro- 
ductive cell,  the  male  gamete,  unites  with  another,  the  female  gamete,  and 
from  this  union  a  new  individual  arises.  In  the  higher  plants,  sexual 
reproduction  is  made  possible  by  the  process  known  as  pollination.  The 
essential  carrier  of  the  pollen  from  the  anthers  of  one  flower  to  the 
stigma  of  another  is,  in  most  cases,  either  the  wind  or  an  insect.  Well- 
known  examples  of  wind-pollinated  flowers  are  corn,  wheat,  and  other 

1  Lloyd  Brothers,  Drug  Treatise  No.  XXI,  Cincinnati,  Ohio. 

2  See  Fagan,  Margaret  M.,  "The  Uses  of  Insect  Galls,"  Am.  Naturalist,  Vol. 
52,  pp.  155-176,  1918. 

3  In  1914,  $17,000  worth  was  imported  to  the  United  States  from  Bagdad. 
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cereals,  nut  trees,  willows,  oaks,  pines,  etc.  Wind-pollinated  plants 
generally  have  flowers  that  are  small  and  inconspicuous,  with  poorly 
developed  petals,  unisexual  flowers,  dry,  light  pollen,  and  brushlike 
stigmas. 

Most  of  our  fruits  and  ornamental  flowers,  many  of  our  vegetables 
such  as  beans,  peas,  tomatoes,  melons,  squash,  and  such  field  crops  as 
clover,  buckwheat,  cotton,  and  tobacco  depend  mainly  upon  the  visits 
of  insects  to  carry  the  pollen  to  the  stigma  and  so  make  possible  a  fertili- 
zation, without  which  no  seed  or  fruit  would  form.     Flowers  that  depend 


Fig.  2G. — Queens  of  bumblebees  visiting  and  pollinizing  flowers  in  spring.  Seven 
individuals  of  three  different  species  are  shown:  Bombus  americanorum  Fab.,  lower  center; 
Bombus  separatus  Cress.,  right  center;  and  Bombus  auricomus  Robt.,  at  right.  {Photo 
from  life  by  T.  H.  Frison.) 


upon  insects  for  pollination  can  be  recognized  generally  by  their  well- 
developed  corollas  of  conspicuous  size,  or  by  showy  colors  or  a  marked 
odor.  They  have  sticky  pollen  grains,  sticky  stigmas,  and  nectaries 
that  secrete  a  sweet  liquid  attractive  as  food  for  the  insects. 

Plants  do  not  develop  beautiful  blossoms  and  sweet  odors  to  delight 
the  senses  of  man.  They  serve  to  attract  insects.  Plants  show  some 
remarkable  modifications  of  their  structures  which  compel  the  insects 
that  come  for  nectar  to  carry  away  with  them  to  the  next  flowers  visited 
a  load  of  pollen.  As  they  crowd  their  way  in  and  out  of  flowers,  their 
bodies  become  covered  with  the  fine  pollen  dust.  In  the  honeybee,  this 
is  removed  from  the  general  body  hairs  by  a  highly  specialized  brush  on 
one  of  the  segments  of  the  hind  leg  (see  Fig.  47,  C).     When  the  brush 
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becomes  filled,  I  he  hin<l  legs  arc  crossed  and  i  In-  pollen  grains  from  one  le^ 
arc  scraped  into  t  tic  pollen  basket  <>n  a  not  her  segment  of  the  opposite  leg. 
In  the  pollen  baskets  il  is  carried  to  the  hive,  where  a  spine  on  the  end  of 
the  middle  leg  is  used  to  pry  it  off  and  it  is  stored  in  the  cells.  While 
much  of  the  pollen  is  thus  collected  and  used  as  food  by  I  he  bees,  some  of 
it  brushes  off  when  the  bee  or  other  insect  crowds  into  the  next  flower 
visited.  Many  flowers  are  so  constructed  that  an  insect  can  hardly  get 
the  nectar  from  them  without  dusting  some  pollen  from  previously 
visited  flowers  onto  their  stigmas.  In  this  way  much  of  the  work  of 
fertilizing  flowers,  without  which  we  should  not  have  much  fruit, 
tomatoes,  melons,  clover  seed,  or  cotton,  is  made  possible. 

Bumblebees  (Fig.  26)  are  worth  tens  of  millions  of  dollars  a  year  to 
the  American  farmer.  Farmers  generally  rely  upon  the  second  crop  of 
red  clover  for  the  production  of  seed.  Bumblebees  are  the  most  impor- 
tant pollinizers  of  second-crop  clover.  The  honeybee  is  not  important 
as  a  pollinizer  of  red  clover  because  the  length  of  its  tongue  (see  Fig.  72,  D) 
is  such  that  it  can  generally  not  reach  the  deep-seated  nectary  of  this 
flower.  The  bumblebees  winter  only  as  young  queens  and  it  takes  several 
months  in  spring  and  summer  to  build  up  colonies  to  a  point  where  they 
are  abundant  enough  to  visit  every  flower  head  over  acres  of  clover  and  so 
make  possible  the  setting  of  seed.  In  Australia  it  was  found  impossible 
to  obtain  seed  from  red  clover  until  the  bumblebees  were  imported  into 
that  country.  Certain  wild  solitary  bees1  have  been  found  also  to  be 
efficient  pollinizers  of  red  clover.  In  localities  and  seasons  when  these 
bees  are  abundant,  the  first  crop  of  red  clover  will  usually  set  a  large 
amount  of  seed,  often  producing  a  greater  yield  than  that  from  the 
second  crop. 

Too  often  the  impression  prevails  that  bees  are  the  only  insects  of 
importance  in  cross-pollination.  Many  kinds  of  flies,  butterflies,  moths, 
and  beetles  also  share  in  this  work.  Many  of  these  insects,  however, 
produce  injurious  caterpillars,  grubs,  or  maggots  which  may  largely 
offset  the  benefit  derived  from  the  parents.  Bees  and  wasps  develop 
no  objectionable  progeny.  The  honeybees  can  be  introduced  into  any 
neighborhood,  orchard,  or  garden,  and  their  numbers  increased  as  we 
wish;  or  should  they  no  longer  be  desired,  the  whole  population  could 
be  exterminated  at  will.  They  are  under  man's  control  as  no  other 
insect  is,  except  the  silkworm.  Beekeepers  generally  believe  that  the 
honeybee  is  worth  many  times  as  much,  as  a  pollinizer  of  our  fruits  and 
flowers,  as  it  is  for  its  honey  and  beeswax.  Certain  recent  experiments 
confirm  this.  Fruit  growers  often  rent  colonies  of  bees  to  be  placed  in 
their  orchards  during  the  blossoming  period. 

The  Fig  Insect. — One  of  the  most  striking  illustrations  of  the  depend- 
ence of  plants  upon  insects  is  found  in  the  history  of  the  introduction 

1  Tetralonia  and  Melissoides  spp.,  Order  Hymenoptera,  Family  Anthophorichr. 
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of  Smyrna-fig  culture  into  the  United  States.  Previous  fco  1000,  figs 
grown  in  this  country  were  of  quality  and  flavor  very  inferior  to  those 
of  figs  imported  from  Asia  Minor.  A  careful  study  of  the  situation 
revealed  the  remarkable  fact  that  the  palatability  of  the  Smyrna  fig  is 
dependent  upon  the  pollination  of  the  flowers  by  a  small  wasp.1 

A   fig   is  a  hollow,   pear-shaped   receptacle   that  bears  a  very  large 
number  of  minute  flowers  lining  its  inner  surface.     The  only  entrance 


6 

Fig.  27. — The  fig  wasp.     A,  adult  female  with  wings  spread;  h,  female  not  entirely 
issued  from  pupal  skin  and  still  contained  in  gall  of  the  fig  flower;  c,  antenna  of  female; 
d,  head  of  female  from  below;  e,  and/,  adult  males.      All  much  enlarged;  a,  about  10  times, 
/,  about  27  times.      (From  U.  S.  D.  A.  Dept.  Bull.  732.) 

to  the  flowers  is  a  tiny  opening  at  the  free  end  of  the  fig.  If  the  flowers 
are  not  fertilized,  the  seeds  do  not  form,  and  the  fleshy,  nearly  closed 
receptacle  that  bears  them  does  not  develop  the  sweet,  nutty  flavor  that 
characterizes  the  perfect  fruit.  The  Smyrna  fig  is  exclusively  female  and 
produces  no  pollen.  An  exclusively  male  variety,  known  as  the  caprifig, 
produces  inedible  fruits  but  an  abundance  of  pollen.  Pollination  is  per- 
formed only  by  the  female  of  this  tiny  fig  wasp  (Fig.  27,  a).  These  insects 
lay  their  eggs  in  the  flowers  of  wild  figs,  or  caprifig 8,  and  their  larvae 
develop  in  small  galls  at  the  base  of  the  caprifig  flowers.  The  males  that 
are  formed  are  wingless  (Fig.  27,  e  and/)  and  never  leave  the  wild  fig  in 

1  Blcustophaga  psenes  (Linn.),  Order  Hymenoptera,  Family  Chalcididse  (see  Calif. 
Agr.  Exp.  Sta.  Bull.  319,  1922,  and  U.  8.  Dept.  Aw.  Dept.  Bull,  732,  1918). 
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which  they  develop.  They  craw]  about,  puncture  the  galls  in  which 
females  are  developing  and  fertilize  the  females  through  tin-  puncture. 
After  mating,  the  female  gnaws  out  of  her  gall,  becomes  covered  with 

pollen  from  the  stamens  of  this  fig,  and  then  squeezes  her  way  out  of  the 

small  opening  at  the  free  end  of  the  fig  and  flies  about  among  the  trees. 
In  seeking  places  to  lay  their  eggs,  the  females  enter  Smyrna  tigs  as  well 
as  the  wild  figs  and  although  they  are  said  not  to  lay  their  eggs  in  the 
former,  they  crawl  over  the  minute  flowers  and  scatter  pollen  over  them 
from  the  flowers  of  the  caprifigs  in  which  they  developed. 

When  the  part  that  this  minute  insect  plays  in  the  culture  of  figs 
was  known,  efforts  were  made  to  bring  some  of  the  wasps  from  Algeria 
into  California.  There  were  many  failures,  but  a  decade  of  effort 
finally  resulted  in  the  establishment  of  the  insect  and  the  consequent 
production  in  America  of  figs  equal  to  those  grown  in  Asia  Minor.  It 
is  necessary  to  grow  caprifigs  as  well  as  Smyrna  figs  to  keep  up  the  supply 
of  wasps,  since  the  insect  does  not  reproduce  in  the  edible  fig.  Figs 
containing  mature  fig  wasps  are  removed  from  the  caprifig  trees,  strung 
on  fibers,  and  suspended  among  the  branches  on  the  Smyrna-fig  trees 
when  the  latter  are  ready  for  fertilization. 

Recently  the  fig  wasp  has  threatened  ruin  to  the  fig  growers  in 
California  by  spreading  a  brown-rot  disease  to  the  Smyrna  figs  from 
infected  caprifigs  in  which  they  develop.  The  little  wasps  are  being 
reared  by  millions  in  sterile  incubators  and  released  in  the  orchards  free 
from  brown-rot  germs  in  an  attempt  to  prevent  this  contamination. 

Insects  as  Food 

Although  of  small  size,  insects,  because  of  their  prodigious  numbers^ 
probably  exceed  in  weight  all  other  animal  matter  on  the  land  areas  of 
the  earth.  This  great  mass  of  material  possesses  genuine  food  value. 
Chemical  analyses  of  white  grubs  and  May  beetles,  for  example,  have 
shown1  that  these  insects  compare  favorably  with  corn  in  food  value. 
Turkeys,  hogs,  and  other  domestic  animals  will  often  fatten  on  insects. 
.  It  has  been  said  that  insects  make  up,  on  the  average,  about  two-thirds 
of  the  food  of  our  common  land  birds.  According  to  the  United  States 
Department  of  Agriculture,2  68  per  cent  of  the  food  of  the  bluebird  and 
the  chickadee  consists  of  insects  and  their  close  relatives.  The  house 
wren  feeds  almost  exclusively  upon  grasshoppers,  beetles,  caterpillars, 
bugs,  spiders,  and  their  allies.  The  brown  thrasher's  food  is  about  64 
per  cent  insects;  that  of  the  meadow  lark  74  per  cent.  More  than 
two-thirds  of  the  food  of  the  downy  and  hairy  woodpeckers  is  noxious 
insects,  especially  those  that  bore  in  the  trunks  of  trees.  Cuckoos, 
nighthawks,  kingbirds,  orioles,  swallows,  and  scores  of  other  kinds  eat 

1  U.  S.  Dept.  Agr.  Farmers'  Bull.  940,  1918. 

2  U.  S.  Dept.  Agr.  Farmers'  Bull.  630,  1915. 
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quantities  of  insects  and  food  them  to  their  young.  Some  game  birds 
also  take  insects  as  an  important  part  of  their  diet.     Mon  are  coming 

to  appreciate  the  value  of  birds  SO  much  that  fewer  and  fewer  of  them 
are  being  killed  for  food  and  sport.  But  it  is  an  extremely  happy 
circumstance  that  insects  are  so  largo  a  factor  in  maintaining  the  lives 
of  such  beautiful  and  delightful  creatures  as  our  song  birds. 

The  extensive  investigations  carried  on  by  Professor  Forbes  and  his 
associates  in  Illinois  led  him  to  the  conclusion,  from  the  examination  of 
over  1,200  fishes  from  all  kinds  of  Illinois  waters,  that  fully  two-fifths  of 
thij  food  of  adult  fresh- water  fishes  is  insects.1  Many  others  that  do 
not  food  upon  insects  during  adult  life  pass  through  a  distinct  insectivo- 
rous period  in  their  development.  Some  of  the  fishes  that  grow  largely 
at  the  expense  of  insect  food  are:  croppies,  perch,  sheepshead,  rock  bass, 
black  bass,  catfish,  red  horse,  gizzard  shad,  toothed  herring,  white  and 
striped  bass  and  certain  sunfish.     Forbes  says:2 

Without  the  Entomostraca  [small  Crustacea]  and  minute  aquatic  Diptera 
of  whose  very  existence  the  majority  of  the  people  are  scarcely  aware,  all  our 
waters  would  be  virtually  depopulated. 

The  insects  of  most  importance  as  fish  food  are  (a)  small,  slender 
midge  larvae  known  as  bloodworms,3  (6)  May-fly  nymphs,4  and  (c) 
caddice  worms.5 

It  seems  certain  that  man  could  make  the  waters  of  the  earth,  which 
are  now  very  little  utilized,  produce  food  materials  nearly  as  extensive 
and  valuable  as  those  secured  from  an  equal  area  of  land.  A  thorough 
investigation  of  the  great  cycles  of  plant  and  animal  development  taking 
place  in  our  lakes,  streams,  and  oceans  should  make  it  possible  to  direct 
them  so  that  enormous  quantities  of  useful  products  could  be  harvested. 
The  first  step  toward  this  end  should  be  the  treatment  of  all  sewage 
before  it  is  allowed  to  enter  a  stream,  converting  it  into  forms  innocuous 
to  the  aquatic  life,  and  admitting  it  gradually  in  such  quantities  as  not 
to  overwhelm  the  organisms  in  the  water.  The  toxic  waste  products 
from  manufacturing  plants  or  large  quantities  of  raw  sewage  should  not 
be  permitted  to  enter  a  stream. 

In  many  parts  of  the  world  considerable  quantities  of  insects  are  regularly  eat  on 
by  human  beings.  These  are  generally  looked  upon  as  great  luxuries  by  the  less 
civilized  races.  In  Mexico  the  eggs  of  certain  large  aquatic  bugs  are  regularly  sold 
in  the  city  markets.  The  eggs  are  about  the  size  of  bird  shot.  The  Mexicans  sink 
sheets  of  matting  under  water  upon  which  the  eggs  are  laid  by  millions.  These  arc 
then  dried  and  placed  in  sacks,  sold  by  the  pound  and  used  for  making  cakes.     The 

1  Ball.  111.  State  Lab.  Natural  History,  Vol.  2,  pp.  475-538,  1888. 

2  Ball.  III.  State  Lab.  Natural  History,  Vol.  1,  p.  75. 

3  Order  Diptera,  Family  Chironomida-. 

4  Order  Kplicmcioptrra,  Family  EphemerkLc. 

5  Order  Trichoptera. 
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people  of  Jamaioa  oonsider  a  plate  of  crickets  a  compliment  to  the  most  distinguished 
guest.  Ox  warbles  are  eaten  raw  by  the  Dog  Kil>  Indians,  Natives  of  Australia 
collect  quantities  of  the  bugong  moth  (Agrotit  infusa)  in  bags  and  roast  them  in  hot 

coals,  and  claim  that  they   taste  like  nuts  and  abound  in  oil.      The  Indian-  and  -fini- 

eivilised  natives  of  many  countries  catch  quantities  of  ants  for  food,  and  generally 

eat  them  alive. 

From  the  actions  of  wild  animals  and  the  testimony  of  those  persons  who  have 
tried  insects  as  food,  it  seems  that  much  of  this  material  is  palatable.  It  would,  in 
fact,  be  difficult  to  give  any  sound  reasons  why  we  should  consume  quantities  of 
oysters,  crabs,  and  lobsters,  and  disdain  to  eat  equally  clean,  palatable,  and  nutritious 
insects.  Perhaps  the  economists  of  the  future,  if  hard  pressed  to  maintain  an  ever- 
increasing  population,  may  well  turn  their  attention  to  the  utilization  of  certain  kinds 
of  insects  as  human  food. 


PltEDACEOUS    AND    PARASITIC    INSECTS 

The    various    benefits    from    insects    enumerated    above,    although 
genuine,  are  insignificant  compared  with  the  good  that  insects  do  by 

fighting  among  themselves.  There  is  no  doubt  that 
the  greatest  single  factor  in  keeping  plant-feeding 
insects  from  overwhelming  the  rest  of  the  world  is 
that  they  are  fed  upon  by  other  insects.  It  is  easy 
to  see  how  the  industry  of  insects  and  their  devotion 
to  purpose,  when  coupled  with  almost  unlimited 
numbers  of  individuals,  can  work  a  miracle  for  us 
when  their  instincts  lead  them  to  seek  and  devour 


Fig.  28.  An  insect 
predator:  a  robber  fly 
with  its  prey.  (From 
Howes'  "Insect  Behavior," 
courtesy  Richard  G . 
Badger.) 


Fig.  29. — An   insect   predator:   a  rove  beetle  devouring  a 
fly.      (From    Howes'    "Insect    Behavior"   courtesy   Richard  G. 

Badger.) 


myriads  of  pests  scattered  over  a  farm  or  a  forest.  Man  will  probably 
never  be  able  to  do  as  much  in  controlling  his  insect  enemies  as  his 
insect  friends  do  for  him. 

These  insect  eaters,  or  entomophagous  insects,  as  they  are  called,  are 
advantageously  considered  in  two  groups  known  as  (a)  predators  and 
(b)  parasites.  Predators  (Figs.  28  and  29)  are  insects  (or  other  animals) 
that  catch  and  devour  smaller  or  more  helpless  creatures  (called  the 
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prey),  usually  killing  them  in  ^h  i  in^  a  single  meal.  The  prey  is  generally 
either  smaller,  weaker  or  less  intelligent  than  the  predator.  Parasites 
are  forms  of  living  organisms  that  make  their  homes  on  or  in  the  bodies 

of  other  living  organisms  (called  the  hosts)  from  which  they  get  their 
food  (  Fig.  30).  The  hosts  are  usually  Larger,  stronger  or  more  intelligent 
than  the  parasites  and  arc  not  killed  promptly,  but  continue  to  live 
during  a  longer  or  shorter  period  of  close  association  with  the  parasite. 
An  important  difference  between  these  two  groups  is  that,  in  parasitism, 
the  host  makes  or  determines  the  habitat  for  the 
parasite;  whereas  the  prey  does  not  necessarily  fix  the 
habitat  for  the  predator,  which  lives  quite  indepen- 
dently of  its  victims  during  the  intervals  between 
meals.  Another  useful  distinction  is  that,  generally, 
a  parasitic  larva  requires  only  a  single  individual  of 
the  host  species  to  nourish  it  to  maturity,  while  a 
predaceous  insect  takes  many  individual  victims  in 
completing  its  development.1 

Pln/tophagous  parasites  are  those  which  live  upon  plant 
hosts.     Insects  that  parasitize  the  larger  animals  (especially    asites:  larvae  of  a  par- 
domestic  animals)  may  be  called  zoophagous  parasites.     Insects   asitic   wasp   (Apanteles 

that  parasitize  other  insects  are  called  entomophagous  parasites.   /?"^Pes).     leaving    the 
n        ,  .,  .......  body  of  the  still  living, 

Zoophagous  parasites  as  a  group  are  highly  injurious  to  man    but    doomod)    host    (;i 

(see  p.  707) ;  the  entomophagous  parasites  are  largely  beneficial    caterpillar  of  the  gypsy 

to  us.  moth)  after  having  fed 

There  are  numerous  kinds  and  gradations  of  parasitism.    witmn   *ta   body   for 
n,,  ,  ..    •  ,  c      ,,  -i.       /       u    several    weeks.      (From 

I  he  term  permanent  parasite  is  used  for  those  parasites  (such    TT   «  ^    a    nur  v  t) 

:is  the  blood-sucking  lice)  which  spend  all  their  time  and  all    Bull.  91.) 

life  stages  on  or  in  the  body  of  the  host.     Transitory  parasites 

are  those  that  pass  certain  life  stages  with  one  host  and  during  other  life  stages  an1 

eit her  free-living,  like  the  horse  bot,  or  parasitic  in  the  body  of  an  alternate  host  of  a 

different  species,   such  as  the  protozoan  that  causes  human   malaria.     The  term 

intermittent  parasitism  is  used  by  some  authors  for  such  attacks  as  those  of  mosquitoes 

or  bedbugs,  which  approach  the  host  only  at  the  time  of  feeding  and,  after  the  meal, 

leave  the  host  for  a  period  of  free  living.     Other  authors  call  such  an  attack  predatism. 

Obligatory  parasites  are  those  which  can  live  on  only  one  species  of  host;  for  example, 

many  of  the  chewing  lice.     Facultative  parasites  are  those  which,  like  the  common  flea 

of  cats  and  dogs,  can  shift  successfully  from  one  species  of  host  to  others.     Parasites 

that  live  on  the  outside  of  the  body  are  known  as  ectoparasites,  while  those  that  enter 

the  body  or  eggs  of  their  hosts  are  known  as  endopar  asites. 

A  classification  of  parasitism  that  we  shall  have  to  bear  in  mind  is 
that,  with  respect  to  a  given  host,  a  parasite  or  predator  may  be  primary, 
secondary,  tertiary,  or  quaternary.  Not  all  entomophagous  parasites 
are  beneficial  to  man,  and  indeed  it  is  sometimes  almost  impossible  to 
tell  whether  the  presence  of  a  parasitic  species  in  a  given  territory  would 

1  See  Smith,  Harry  S.,  "An  Attempt  to  Redefine  the  Host  Relationships  Exhib- 
ited by  Entomophagous  Insects,"  Jour.  Econ.  Entomol.,  October,  1916. 
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THE  BOLL   WEEV/L   COMPLEX 


THE  COTTON  PLANT 


AMONG 


he  beneficial  to  man  or  injurious.  If  we  have  an  injurious  insect  juch 
as  t hi-  cotton-boll  weevil,  any  parasite  attacking  it  is  primary  for  the 
cotton-boll  weevil,  and  helpful  to  man.  That  parasite  may  in  turn  be 
attacked  by  a  parasite,  which  is  then  secondary  to  the  cotton  boll  weevil 

and  inimical  to  man.  A  parasite  attack- 
ing such  a  secondary  parasite  would  be 
known  as  a  tertiary  parasite  of  the  cotton 
boll  weevil,  and  would  in  this  capacity  be 
beneficial  to  man.  All  the  parasites  of  a 
primary  parasite  are  collectively  known 
as  hyperparasites.  When  abundant,  the 
hyperparasites  may  completely  offset  the 
beneficial  work  of  primary  parasites. 
How  complicated  the  interrelations  of 
good  and  bad  parasites  may  be  is  illus- 
trated by  the  accompanying  diagram  (Fig. 
31)  of  the  various  parasites  and  predators 
associated  with  the  cotton  boll  weevil. 

The   practical   man   should  make  an 
effort    to    become    acquainted    with    the 
Fig  31—  Diagram  illustrating  the    typicai  appearance  and  manner  of  life  of 

interrelations    of    some    helpiul  and  . 

harmful  parasites  and  predators  as-  the  more  important  groups  of  predators 
sn.iated  with  the  cotton  boll  weevil.      nd    parasites;    and    those    scientifically 

(From     U.    S.    D.    A.   Bur.    Entom.     .  **  '  .         .    J 

Butt.  ioo.)  inclined  can  hardly  find  more  fascinating 

groups  for  study. 
Insect  Predators. — Among  the  best-known  entomophagous  predators 

are  the  following: 

Dragonflies,  Order  Odonata 

Aphid  lions,  Order  Neuroptera,  Family  Chrysopidae 
Ground  beetles,  Order  Coleoptera,  Family  Carabidse 
Lady  beetles,1  Order  Coleoptera,  Family  CoccinellidaB 
Flower  flies,  Order  Diptera,  Family  Syrphidae. 
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Everyone  knows  the  dragonflies,  though  he  may  have  had  another  name  for 
them;  snake-feeders,  for  example,  or  snake-doctors,  or  devils'  darning-needles, 
or  horse-stingers  (Fig.  103).  These  unsavory  names  suggest  several  bad  charac- 
teristics, which  is  wholly  unjust;  for  dragonflies  are  distinctly  helpful  to  man. 
All  of  these  names  are  applied  to  adults;  but  if  the  nymphs  (Fig.  103,  1  and  3), 
which  develop  for  a  year  or  two  in  the  water  before  the  winged  stage  appears,  were 
more  generally  seen  they  would  probably  have  as  many  and  as  romantic  names  as  the 
adults.  Tillyard  says  "they  are  the  most  powerful  determining  factor  in  preserving! 
the  balance  of  insect  life  in  ponds,  rivers,  lakes,  and  their  surroundings." 

Much  unwarranted  fear  would  be  spared  if  only  people  could  be  brought  to  know 
that  these  creatures  neither  bite,  sting,  feed  snakes,  nor  perform  sorcery.     They  are 

1  Also  called  "ladybirds"  and  "ladybugs." 
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best  known  from  their  habil  of  sculling,  soaring,  and  darting  aboul  near  and  over 
ponds  and  streams  in  s  manner  to  arouse  the  envy  of  the  most  dare-devil  aviator, 
The  swiftest  of  them  attain  ;i  speed  of  Dearly  60  miles  an  hour.1     They  both  catch  and 

eat   their  prey  while  on  the  wing.      Tillyard  found  over  8  hundred  mosquitoes  in  the 

mouth  of  a  dragonfly  al  one  time.  The  same  author  U'(\  mosquito  larvae  to  a  hungry 
dragonfly  nymph  which  swallowed  60  of  them  in  10  minutes.  It  seems  likely  that 
these  insects  are  a  help  in  keeping  down  mosquitoes.  The  adults  also  are  known  to 
Catch  Hies,  beetles,  moths,  and  wasps,  many  of  which  are  doubtless  injurious  to  man. 
Aphid  Lions.  These  voracious  creatures  are  the  young  of  delicate,  gauzy-winged, 
weak-bodied  insects  called  lace-winged  flies  or  golden-eyed  flies  (Fig.  32).     In  the 


Fig.  32. — An  aphid  lion  or  lace- winged  fly:  a,  several  eggs  showing  the  long  pedicels 
that  elevate  them;  b,  larva  dorsal  view;  d,  larva  feeding  on  a  plant  louse;  e,  empty  cocoon 
showing  lid  through  which  the  adult  has  escaped;  /,  adult  side  view;  g,  head  of  an  adult 
from  in  front.      {From  Marlatt,  U.  S.  D.  A.) 


adult  stage  (/)  these  insects  probably  have  little  importance  to  man,  but  their  larvae 
(b,  d)  are  very  beneficial.  Their  white  eggs  (a)  are  curious  objects  on  long  slender 
stems  high  above  the  surface  to  wrhich  they  are  attached  (Fig.  73,  R).  Such  egg  masses 
are  often  found  on  the  leaves  or  stems  of  trees,  vegetables,  or  field  crops.  A  little 
later  the  spindle-shaped  larvae  that  transform  from  them  may  be  found  scurrying 
about  on  the  plants  in  search  of  aphids.  They  have  very  long,  sharp-pointed  jaws, 
or  mandibles,  with  which  they  grasp  and  puncture  the  bodies  of  aphids  or  other  small. 
soft  insects,  or  their  eggs.  These  mandibles  have  grooves  along  their  ventral  surface 
against  which  the  maxillae  fit  to  make  two  closed  tubes  through  which  the  juices  of 
the  victim  are  sucked  into  the  mouth.  The  aphid  lions  spend  the  winter  in  small. 
white,  silken,  spherical  or  oval  cocoons  (Fig.  32, e)  about  the  size  of  a  common  elder- 
berry. In  the  spring  the  adult  cuts  off  a  circular  lid  through  which  it  makes  its  escape. 
Ground  Beetles. — The  exact  food  habits  of  the  ground  beetles  (Fig.  33)  are  less  well 
known.  One  finds  the  general  statement  "they  are  beneficial  because  of  their  preda- 
ceous  habits";  or,  since  "both  larvae  and  adults  feed  on  many  of  our  most  noxious 
insects,  ground  beetles  must  rank  among  the  farmer's  best  friends."  At  least  a  few  of 
the  species  are  injurious  by  feeding  on  seeds  and  berries,  and  the  food  habits  of  most  of 
the  1,200  or  more  American  species  have  never  been  recorded.      Hut  certain  species  are 

1  Tilly ard,  "The  Biology  of  Dragon  Flies,"  Cambridge  University  Press.  1917. 
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known  to  be  vm  valuable;1  and,  In  general,  these  flattened,  black  or  brown,  long- 
legged,  swift-running,  strongl}  -limit  "caterpillar  hunters  "arc  probably  helpful  to  man. 
They  hide  during  t  he  day  under  stones,  boards,  Logs,  in  I  he  grass,  or  below  I  he  surface 

Of  the  soil,  and  hunt  chiefly  at  night.  The  larva'  are  slender,  B  little  flattened,  slightly 
tapering  to  the  tail,  which  terminates  in  two  bristly,  hair-like  or  spine-like  procei 

Lady  Beetles. — The  lady  beetles  (Fig.  34)  will  need  introduction  to  very  few  persons. 
Their  bright  bodies,  their  active  habits,  their  great  abundance  and  equitable  distribu- 
tion, and  popular  songs  and  stories,  all  combine  to  insure  that  nearly  all  of  us  make 
their  acquaintance  at  an  early  age.     They  are  nearly  hemispherical  in  shape.     The 


Fig.  33. — European  ground  beetle,   Calosoma  sycophonta,   adult,   at  right,  feeding  on 
pupa  of  gypsy  moth  and  larva,  at  left,  feeding  on  caterpillar  of  gypsy  moth.      (From  Mass. 

State  Fonder.) 


commonest  species  are  red,  brown,  or  tan  usually  with  black  spots;  a  few  are  black, 
sometimes  spotted  with  red.  In  size  they  are  commonly  from  1 L  6  to  }i  inch  long 
and  about  two-thirds  as  broad.  Some  of  the  destructive  leaf  beetles  look  much  like 
lady  beetles.  The  student  need  never  confuse  these  two  groups  if  he  will  remember 
that  the  lady  beetles  have  three-segmented  tarsi,  the  leaf  beetles  four  segments  in 
each  tarsus. 

Both  the  adults  and  the  larvae  of  the  lady  beetles  feed  on  scale  insects,  aphids,  or 
other  small,  soft-bodied  creatures  or  their  eggs.  The  larvae  of  lady  beetles  (Fig.  3.5, 
center)  are  carrot-shaped  and  resemble  somewhat  the  aphid  lions  in  their  flattened, 
gradually  tapering  bodies,  distinct  body  regions,  long  legs,  and  warty  or  spiny  backs. 
They  do  not  have  the  inordinately  long  mandibles  or  extra-wide  thoracic  segments  of 
the  aphid  lions,  and  are  generally  more  conspicuously  colored  with  patches  of  blue, 

1  A  European  species  (Calosoma  sycophanta  Linn.)  has  been  introduced  into  New 
England  to  prey  on  the  gypsy  and  brown-tail  moths  (see  U.  S.  Dept.  Agr.  Bur. 
Entomol,  Bull.  101,  1911). 
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black,  and  orange.  The  pups  (Pig.  86,  right)  are  not  enclosed  in  cocoons,  but  are 
exposed  on  the  leaf  to  which  the  tips  <>f  their  abdomens  are  cemented.  When  dis- 
turbed, they  have  the  curious  habil  (possibly  protective)  of  lifting  the  body  into  a 
vertical  position  and  soon  dropping  back  again.     The  orange  eggsof  many  lady  beetles 

are  placed  in  small  masses  of  a  dozen  or  two,  the  individual  eggs  standing  on  end  in 

contact  with  each  other.     'They  should  not  be  destroyed. 

In  many  cases  lady  beetles  have  been  shipped  from  one  country  to  another  to 
check  insect  pests.  'The  most  noteworthy  case  was  the  introduction  of  the  Australian 
lady  beetle  (Rodolia  cardinalU  Muls.)  into  California  to  destroy  the  cottony  cushion 
scale  (Iccri/a  purchasi  Mask.).  The  cottony  cushion  scale  was  unwittingly  introduced 
into  California  about  1868.  It  soon  became  a  most  serious  pest  of  the  orange,  spread- 
ing rapidly  over  the  State,  and  by  1890  had  killed  hundreds  of  thousands  of  trees,  and 
threatened  to  wipe  out  the  orange  industry  over  the  entire  state.     It  was  traced  to 


e  f  g  h 

Fig.  34. — Some  common  lady  beetles:  a,  the  nine-spotted  lady  beetle,  Cocci  ml  In 
vonmnotata  Hbst.;  b,  the  red  lady  beetle,  Cycloncda  munda  Say;  c,  the  two-spotted  lady 
luetic,  Adalia  bipunctata  Linn.;  d,  the  convergent  lady  beetle,  Hippodamia  convergens 
Guer.;  c,  the  glacial  lady  beetle,  Hippodamia  glacialis  Fab.;/,  the  parenthesis  lady  beetle, 
Hippodamia  parenthesis  Say;  g,  the  thirteen-spotted  lady  beetle,  Hippodamia  trcdecim- 
punctata  Linn.;  h,  the  spotted  lady  beetle,  Megilla  fuscilabris  Muls.  The  ground  color  of 
the  spotted  lady  beetle  is  pink;  of  the  others  yellowish  or  tan.  (From  Conn.  Agr.  Exp.  Sta. 
Bull.  181.) 


Australia  and  Xew  Zealand;  in  New  Zealand  it  was  very  destructive,  also,  but  in 
Australia  little  injury  resulted  from  it.  Accordingly  the  United  States  government 
sent  an  entomologist  to  Australia  to  search  for  the  natural  enemies  that  it  was  felt 
must  be  holding  it  in  check  there.  The  lady  beetle  was  found.  Some  500  of  them 
were  carefully  shipped  to  California.  They  were  turned  loose  on  screened  orange 
trees  and  allowed  to  feed  on  the  cottony  cushion  scale.  Within  a  year  and  a  half  the 
progeny  of  these  few  beetles  had  increased  to  such  numbers  that  the}'  had  checked  the 
cottony  cushion  scale  over  the  whole  state.  The}'  have  since  nearly  eliminated  this 
worst  of  orange  insects  as  a  pest  in  California.  The  same  species  of  lady  beetle  has 
been  shipped  subsequently  to  New  Zealand,  Egypt,  Hawaii,  Italy,  Syria,  and  Cape 
Colony,  as  the  cottony  cushion  scale  appeared  in  these  countries;  and  it  has  never 
failed  to  bring  the  scale  under  subjection. 

Syrphid  Flies. — Another  important  group  of  predators  that  rival  in  importance  the 
lady  beetles  and  the  aphid  lions  are  the  creatures  known  as  syrphid  tlies,  flower  flics. 

or  sw  c.i  t  flies  (Pig.  36).  Agreeing  with  the  aphid  lions  but  unlike  the  lady  beetles,  they 
are  predaceous  only  in  the  larval  stage;  the  adult  flies  never  attack  other  insects. 
It  is  a  rare  aphid  colony,  however,  t  hat  does  not  have  from  one  to  many  of  the  elongate, 

footless,  slug-like,  tan,  or  greenish  maggots  of  these  flies  (Fig.  36,  C)  preying  upon  it. 
Hidden  among  the  aphids  or  quietly  looping  about  over  the  BUrface  of  the  plant,  these 
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Fio.  35. — The  fifteen-spotted  lady  beetle;  adult  at  left,  larva  next,  two  pupae  on  the  right. 

(From  Conn.  Agr.  Exp.  Sta.,  Bull,  181.) 


Fig.  30. — A  syrphid  fly:  A,  adult  of  Didca  fasciata  Macq.;  x,  the  false  vein  in  the  wing 
that  characterizes  flies  of  this  family  (after  Mctcalf,  from  the  Ohio  Naturalist);  B,  eggs  0f 
Melanostoma  meUinum  Linne  {after  M<tcalffro?n  Me.  Agr.  Exp.  Sta.  Bull.  253);  C,  larva 
feeding  on  an  aphid  {redrawn  after  Jones,  Colo.  Agr.  Exp.  Sta.);  D,  puparium  of  Didea 
fasciata  Macq.  (after  Met  calf,  from  the  Ohio  Naturalist). 
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tarvs  grasp  :i])liid  after  :i])lii<l  by  i  heir  pointed  jaws,  raise  it  in  I  he  air,  and  slowly  pick 

out  and  suck  out  all  I  he  body  con  I  cuts,  finally  discarding  the  empty  skill.  A  syr  pliid- 
tlv  larva  often  destroys  aphide  at  the  rate  of  one  ;i  minute  over  considerable  periods  of 
time.  It  is  difficult  to  measure  the  great  service  thus  performed.  The  adults  lay 
their  glistening-white,  elongate  eggs  <  Fijr.  36,  H)  usually  one  in  b  place,  among  groups 
of  aphids.  'They  themselves  feed  on  nectar  and  pollen  and  have  considerable  value 
as  pollinisers.  Adult  syrphid  flies  are  of  ten  confused  with  wasps  and  bees.  They  are 
generally  banded  or  Bpotted  with  bright  yellow  or  covered  with  long  black  and  yellow 
hairs  that  give  them  a  very  st  riking  gen  end  resemblance  to  stinging  insects.  They  can 
l>e  distinguished  by  having  only  one  pair  of  wings,  by  their  hovering  or  poising  flight, 
and  by  the  presence  of  the  false  vein  (x,  Fig.  36,  A)  in  their  wings. 

The  number  of  predators  working  in  a  field  is  often  astonishingly  large.  W.  G. 
Johnson  records  that  in  packing  peas  in  southern  Maryland  in  1899,  the  separators 
sieved  out  in  a  few  days  about  25  bushels  of  larvae  of  Syrphidae,  chiefly  one  species. 
They  were  so  abundant  that  they  almost  completely  destroyed  the  pea  aphids  in  the 
fields.  J.  E.  Dudley  reports  that  in  using  a  new  type  of  aphidozer  or  trap  to  collect 
pea  aphids  from  pea  fields  in  Wisconsin,  he  collected  with  the  aphids  from  2J--£  acres, 
1,523  syrphid-fly  larvae,  173  adults  and  larvae  of  lady  beetles,  and  42  other  predators. 

Insect  Parasites. — The  most  valuable  entomophagous  parasites  are 
probably  contained  in  the  following  families: 

Tachinid  flies,  Order  Diptera,  Family  Tachinidse 
Ichneumon  wasps,  Order  Hymenoptera,  Family  Ichneumonidse 
Braconid  wasps,  Order  Hymenoptera,  Family  BraconidaB 
Chalcid  wasps,  Order  Hymenoptera,  Family  Chalcididse 
Egg  parasites,  Order  Hymenoptera,  Family  Scelionidse 
These  families  of  entomophagous  insects  differ  from  the  predators 
just  discussed  in  that  they  enter  the  body  of  the  victim  and  feed  for  a 
period  of  time  on  blood  or  tissues,  instinctively  avoiding  vital  parts, 
usually  until  the  parasite  is  full  grown.     By  that  time  or  shortly  after- 
ward the  victim  dies  and  the  parasite  completes  its  transformation  to  an 
adult  either  within  or  without  the  dead  body  of  the  host.     Representa- 
tives of  all  insect  orders  and  all  life  stages  from  egg  to  adult  may  be  thus 
attacked  by  the  various  parasites. 

Tachinid  Flies. — One  of  the  most  important  families  of  entomophagous  parasites  is 
the  group  of  flies  known  as  Tachinidae.  Many  of  the  species  resemble  superficially 
a  much  overgrown  house  fly,  being  very  bristly,  usually  grayish,  brownish,  or  black- 
mottled  flies,  without  bright  colors  (Fig.  37).  They  may  be  distinguished  at  once 
from  the  house  fly  family,  however,  by  the  entirely  bare  bristle  on  the  antenna.  The 
adults  are  found  chiefly  resting  on  foliage  or  about  flowers  upon  which  they  feed,  but 
may  often  be  seen  attacking  the  caterpillars  of  moths  and  butterflies  which  are  the 
commonest  hosts  of  their  larvae. 

The  eggs  of  the  tachinid  flies  are  glued  to  the  skin  of  the  host  or  laid  on  foliage 
where  the  host  insect  may  ingest  them;  or  already  hatched  larva  are  deposited  on  the 
body  of  the  victim  or  beneath  its  skin.  They  feed  at  the  expense  of  muscular  and 
fatty  tissues  not  absolutely  necessary  to  life,  and  the  hosi  caterpillar  may  complete 
its  growth  and  form  a  ehrysalid  or  cocoon  before  it  dies.  From  the  cocoon,  however, 
emerges  the  parasitic  fly  instead  of  the  moth  or  butterfly.  Whenever  army  worms 
become  abundant,  one  of  the  noticeable  features  of  the  outbreak  is  the  great  numbers  of 
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Hies  th.it  are  bussing  about.     Farmers  often  think  thai  these  flies  "make"  tin-  army 

worms.      Hilt   the  parents  of  the  : 1 1 1 1 1 >    worms  arc  tan-colored  moths  (Fig.  205);  and 

these  Hies1  are  one  of  their  principal  natural  enemies.  [f  you  examine  t  he  back  of  an 
army  worm,  you  will  generally  find  the  small  white  eggs  of  this  By  glued  to  the  skin, 

in  numbers  ranging  from  1  to  50  (Fig.  204,  upper  worm).     Few  of  the  eggs  are  found 

farther  hack  on  the  body  than  the  thorax — seemingly  a  nice  protective  instinct  on 
the  part  of  the  parent  fly,  since  the  worm  could  bite  off  the  eggs  deposited  toward  the 
rear  end  of  its  body.  Upon  hatching,  they  tunnel  directly  through  the  skin  and 
within  a  short  time  their  maggots  may  have  killed  the  caterpillars  by  thousands. 


Fig.  37. — A  taohinid  fly,  WirUhemia  quadripuatulata  (Fab.);  a  fly  that  lays  eggs  on 
army  worms  and  whose  larva  destroy  the  worms.  About  five  times  natural  size.  (From 
U.  8.  1).  A.  Farmers1  Bull.  752.) 


The  remaining  parasites  listed  above  are  all  Hymenoptera.  Although  they  are 
commonly  spoken  of  as  "flies,"  the  authors  prefer  the  terms  ichneumon  wasps,  bra- 
conid  wasps  and  chalcid  wasps,  as  these  insects  are  really  small  wasps.  They  are, 
therefore,  four-winged  insects;  the  females  are  provided  with  a  sharp  ovipositor  (homo- 
logue  of  the  "stinger"  of  bees),  with  which  the  eggs  are  generally  thrust  into  the 
flesh  of  the  host  beneath  the  skin.  These  families  of  parasitic  Hymenoptera  are 
both  extremely  large  in  numbers  of  species  and  extremely  difficult  to  classify.  For 
the  practical  man,  it  is  probably  sufficient  to  know  that  most  of  these  parasites  can  be 
recognized  by  having  a  divided  or  two-segmented  trochanter  (Fig.  47,  D)  and  a 
slender  petiole  or  fore  part  of  the  abdomen  next  to  the  thorax. 

Egg  Parasites. — The  family  Scelionida*  includes  some  of  the  smallest  of  known 
insects,  many  of  them  egg  parasites  and  of  such  a  size  that  they  derive  all  their  nour- 
ishment and  grow  to  maturity  inside  of  a  single  egg  of  another  insect.  They  are 
mostly  slender,  non-metallic,  minute  wasps  with  usually  straight  antennae,  few  wing 
veins,  and  the  ovipositor  attached  at  the  tip  of  the  abdomen. 

1  Winthemia  quadripustulata  (Fab.),  Order  Diptera,  Family  Tachinidae. 
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The  chinch-bug-egg  parasite1  (Fig.  88)  greatly  cut  down  the  hatch  of  chinch  bugs 
in  Kansas  during  1913.  The  extenl  of  parasitism  for  the  Btate  of  Kansas  was 
calculated  al  about  L6  per  cent;  that  is  L6outof  LOO  chinch  bugs  were  killed  by  this 
enemy.    The  next  season  was  generally  favorable  for  chinch  bugs,  l>ut  largely  because 

of    the    good    work    of    1  his    parasite,    only    1    bug   was  found   in    winter   quarters   in 
1913    L91  1.  where  from  25  to  100  had  been  found  the  winter  before.      The  life  cycle  of 


I  to.  38.— The   chinch   bug   egg  parasite;  adult  female  greatly  enlarged;  antenna  of  male 
above.      (From  Proc.  U.  S.  Natl.  Mus.,  Vol.  46.) 


tii is  parasite  occupies  only  2  or  3  weeks,  so  that  four  or  five  generations  may  operate  on 
a  single  generation  of  the  chinch  bug.  In  1914,  Flint  brought  from  Kansas  to  Illinois 
over  100,000  chinch-bug  eggs,  many  of  which  wrere  parasitized,  and  colonized  the  par- 
asites in  about  thirty  localities  in  the  latter  state.  By  concentrating  the  parasites, 
the  percentage  of  infestation  of  the  chinch-bug  eggs  was  raised  on  one  farm  from  less 
than  10  per  cent  in  1914  to  53  per  cent  in  1915.  Other  species  of  Scelionidse  live 
in  the  eggs  of  many  moths,  true  bugs,  grasshoppers,  spiders,  and  flies,  such  as  the 
Hessian  fly. 


Fio.  39. 


-A  chalcid  wasp  parasite,   Aphycus  emptor.     (From  Comstock's  "Introduction  to 
Entomology,"  Comstock  Publishing  Co.) 


Oidlcid  Wasps. — The  chalcid  wasps  are  mostly  parasitic,  though  some  of  the  species 
feed  on  plants,  for  example,  the  jointworm  and  the  fig  wasp.  Many  species  live 
within  the  minute  bodies  or  the  eggs  of  scale  insects,  aphids,  caterpillars,  and  flies 
(Fig.  39).  A  very  beneficial  species  is  Pteromalus  puparum,  which  attacks  our  common 
imported  cabbage  worm.  Although  only  3/f6  inch  long,  it  occurs  in  such  numbers  in 
many  sections  as  greatly  to  reduce  the  numbers  of  the  cabbage  worm.  More  than 
3.000  individuals  have  been  reared  from  a  single  specimen  of  the  cabbage  worm. 
Not  all  the  parasitic  chalcids  are  beneficial  to  us,  because  there  arc  many  hyperpara- 

sitea  or  secondary  parasites. 

1  Eumicrosoma  benefica  Gahan.  See  Jour.  Econ.  ErUomol,  Vol.  8.  p.  248,  April, 
1913. 
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Fig.  40. —  The  Long-eting,  Megarhyssa  lunator  (Fab.),  an  ichneumonid  parasite  of  the  pigeon 

tremez.      (From  Kellogg' s  "American  Insects.") 


Fig.  41. — A  sphinx  caterpillar  covered  with  the  cocoons  of  a  braconid  parasite.  The 
larva?  of  the  parasite  develop  inside  the  body  of  the  caterpillar,  which  eventually  dies  as 
a  result  of  the  attack.      (From  Sa?iderson  and  Jackson,  "Elementary  Entomology") 


THE    YMA'E  OF  I \ SECTS   TO   MAN 


63 


These  wasps  are  generally  <>f  a  metallic  luster,  with  elbowed  antenna),  and  with 
the  ovipositor  hidden  bu1  attached  to  the  ventral  surface  of  the  abdomen  some  dis- 
tance before  the  tip.  The  wings  generally  show  a  Bingle  vein  parallel  with  the  costa 
and  Blightly  forked  a1  its  tip  (Fig.  39). 

Ichneumon  Wasps,  This  family  includes  I  he  largest  of  our  parasitic  species,  as  well 
as  sonic  very  minute  ones.  They  arc  often  brilliantly  marked.  When  active  they 
''can  generally  be  recognized  by  their  short,  jerky  Sight  and  constantly  vibrating 
antennae"  (Lefroy).  The  very  large  long-sting  or  Megarhyssa  (Fig.  40),  1]/^  inches 
long,  with  tail-like  ovipositor  nearly  3  inches  long,  may  often  be  found  fastened  by 
its  ovipositor  in   the  side  of  a   tree  trunk.      They  thrust   this  marvelously  thin  and 


Fig.  42. — Aphids  parasitized  by  a  braconid  wasp,  Lysiphlebus  testaceipes  (Cresson). 
Adult  wasps  have  emerged  through  the  circular  holes  after  having  killed  the  corn  leaf 
aphids  by  developing  in  their  bodies.  Nearly  100  per  cent  of  the  aphids  were  parasitized. 
(From  Essig,  "Insects  of  Western  North  America"  copyright,  1926,  by  the  Macmillan  Com- 
pany; reprinted  by  permission.) 


strong  ovipositor  into  the  wood  until  it  strikes  the  burrow  of  a  wood-boring  larva 
(the  pigeon  tremex,  see  Fig.  145)  when  an  egg  is  inserted.  The  parasitic  larva  upon 
hatching  from  the  egg  crawls  along  the  tunnel  until  it  encounters  the  wood-boring 
larva  which  it  then  attacks.  Possibly  the  adult  long-sting  locates  the  position  of  the 
wood-boring  larva  by  the  sounds  it  makes  in  tunneling  through  the  wood.  Most 
ichneumons  attack  caterpillars,  with  resultant  great  benefit  to  man. 

Braconid  Wasps. — Commonly  one  sees  specimens  of  tomato  horn  worm  or  catalpa 
sphinx  whose  backs  are  covered  with  small,  elongate,  white  objects  glued  by  one  end 
to  the  skin  of  the  caterpillar  (Fig.  41).  They  are  commonly  called  "eggs"  and  seldom 
understood.  In  reality  they  are  silken  cocoons  enclosing  the  pupa  stage  of  a  species 
of  braconid  wasp  of  the  genus  Microgaster.  The  parent  wasp  had  previously  thrust 
many  eggs  through  the  skin  of  the  larva;  her  larva-  had  fed  within  the  tissues  of  the 
caterpillar  and  when   full  grown   they   had  eaten   out    through   the  body  wall  again, 
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to  spin  their  cocoons  fast   to  the  host .      Some  other  species  leave  the  lm-1    < 1 1 <  1  form 
their  cocoons  in  masses  on  a  leaf  near-by  their  dead  victim. 

If  one  examines  carefully  almost  :m\  leaf  thai  is  infested  with  aphids,  one  wil' 
some  specimens  of  the  aphids  whose  bodies  are  distended,  shiny,  and  brown  ami 
many  of  them  with  neat  circular  holes  tail  in  their  hacks  (Fig.  42).  This  illustrates 
the  work  of  some  of  the  smallest  of  the  braconid  wasps;  for  example,  the  genus  Apfu- 
(Uus.  Still  other  of  the  braconid  wasps  at  hick  dipterous  larva-,  ants,  cockroaches, 
beetles,  bees,  and  wasps,  and  some  even  swim  with  their  wings  beneath  the  writer  to 
parasitize  such  aquatic  insects  as  caddice  worms. 

Insects  and  Weeds 

Whether  an  insect  is  injurious  or  beneficial  depends  more  often 
than  anything  else  upon  the  economic  status  of  the  thing  or  material  it 
eats.  That  great  horde  of  insects  that  feeds  on  weeds  or  attacks  noxious 
animals  must  perform  a  very  valuable  service.  Anyone  who  stoops  to 
notice  the  abundance  and  variety  of  insects  on  almost  any  bit  of  wild 
vegetation  will  need  no  arguments  to  convince  him  that  these  plants 
suffer  grievously  from  insect  attack.  To  a  corresponding  degree  they 
help  the  farmer,  who  has  to  contend  with  these  undesirable  plants. 

The  milkweeds  of  the  middle  west  are  attacked  by  great  numbers  of  the  red  milk- 
weed beetle  (Tetraopes  tetraophthalmus  Forst.),  the  blue  milkweed  beetle  (Chrysochua 
auratus  Fab.),  the  monarch  or  milkweed  butterfly  (Danaus  archippus  Fab.),  and  many 
other  species.  In  the  same  territory  the  rough  pigweed  has  for  several  seasons  been 
covered  with  thousands  of  specimens  of  a  small  lace  bug  (Piesma  cinerea  Say).  A 
species  of  horn  worm  (Celerio  lineata  Fab.),  has  been  recorded  as  destroying  such  weeds 
as  purslane  and  fireweed  over  great  areas.  Glick  (unpublished  manuscript)  records  a 
species  of  plume  moth  {Platyptilia  carduidactyla  Riley)  to  have  destroyed  90  per  cent 
of  the  flower  heads  of  pasture  thistle  in  some  localities.  The  same  author  records  a 
species  of  sawfly  as  having  eliminated  purslane  from  a  10-acre  field  of  onions,  although 
neighboring  fields  were  much  troubled  with  this  weed. 

This  beneficent  work  is  unfortunately  not  without  its  drawbacks. 
Too  often  insects  that  have  increased  at  the  expense  of  weeds  subse- 
quently shift  their  attack  to  cultivated  crops.  This  is  especially  likely 
to  occur  when  the  weeds  are  botanically  close  relatives  of  the  cultivated 
crop.  For  example,  the  writers  have  often  seen  numbers  of  flea  beetles 
and  tomato  hornworms  developing  in  hog  lots,  barnyards,  fence  rows, 
and  fields,  where  jimson  weed,  horse  nettle,  and  morning  glories  were 
allowed  to  grow  in  profusion.  A  little  later  these  pests  shifted  to  adjoin- 
ing potato,  tomato,  or  tobacco  plants.  Forbes  has  shown  that  the 
corn  root  aphid  is  dependent  in  the  early  spring  upon  such  weeds  as 
smartweed,  foxtail,  ragweed,  purslane,  and  crab  grass,  before  corn  is 
planted.  The  common  stalk  borer  (Papaipema  nebris  nitela  Guen.)  is 
seldom  destructive  to  corn  or  other  cultivated  crops  except  along  the 
margins  of  fields  where  the  larvae  have  begun  development  on  grasses 
or  weeds.  The  bean  aphid  (Aphis  rumicus  Linn.)  is  often  very  abundant 
on  pigweed  and  dock,  from  which  it  easily  migrates  to  beans,  dahlias, 
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euonymus,  etc.  The  spinach  flea  beetle  Increases  in  the  early  part  of 
the  season  at  the  expense  of  such  weeds  as  chickweed  and  Chenopodium. 
The  tarnished  plant  l>u^  occurs  in  such  numbers  on  ragweed,  pigweed, 

common  mallow,  goldenrod,  evening  primrose,  and  wild  asters  as  to 
constitute  a  considerable  check  to  their  development.  But  while  they 
are  checking  these  weeds  they  are  also  increasing  their  own  numbers  for 

a  probable  later  invasion  of  our  nurseries,  orchards,  and  flower  gardens. 
The  thistle  butterfly  or  painted  lady,  in  periods  of  abundance  is  sometimes 
hailed  as  a  destroyer  of  Canada  thistle.  But  it  is  also  likely  to  feed 
injuriously  upon  some  cultivated  crops.  Even  insects  that  are  not  at 
present  known  to  attack  any  cultivated  crop  may  change  their  food 
habits,  desert  their  weed  hosts,  and  adapt  themselves  almost  exclusively 
to  a  new  and  valuable  food  plant.  Such  a  shift  is  known  to  have  occurred 
in  the  case  of  the  Colorado  potato  beetle. 

We  may  fairly  sum  up  this  phase  of  the  subject  with  the  statement 
that,  while  we  are  not  unmindful  of  the  vast  service  performed  by  insects 
in  checking  weed  growth,  we  cannot  encourage  their  development  or 
even  look  with  favor  upon  the  great  natural  increase  of  any  species, 
especially  in  proximity  to  cultivated  crops,  because  of  their  potential 
injury  to  valuable  plantings. 

A  gigantic  experiment  has  been  under  way  for  several  years  in  Aus- 
tralia in  an  effort  to  destroy  the  cactus,  which  is  such  a  pest  in  that  country 
that  it  forms  impenetrable  forests  over  thousands  of  square  miles.  A 
number  of  cactus-feeding  insects  have  been  introduced  from  Mexico  and 
other  lands  and  are  giving  real  promise  of  destroying  the  cactus  and 
solving  this  otherwise  baffling  problem.  Elaborate  tests  have  been 
made  in  every  case  to  insure  that  the  insects  so  introduced  will  feed  on 
nothing  but  cactus.  The  result  of  this  experiment  will  be  watched 
with  great  interest. 

Insects  as  Soil  Builders 

To  be  productive  of  plant  growth,  a  soil  must  contain  at  least  the  following  sub- 
stances: minute  mineral  particles  derived  from  disintegrating  rocks,  organic  sub- 
stances derived  from  dead  plants  and  animals,  water,  and  air. 

In  the  production  or  maintenance  of  all  of  these  things,  insects  play  an  important 
part.  They  help  to  break  up  the  rock  particles,  and,  by  bringing  them  to  the  surface, 
expose  them  to  the  action  of  water  and  other  weathering  influences. 

"Briefly,  these  benefits  .  .  .  may  be  classed  as  an  interchange  of  soil,  separa- 
tion of  soil,  aeration,  drainage,  and  addition  of  organic  matter  .  .  .  Shaler  found 
ants  so  numerous  in  a  field  near  Cambridge,  Mass.,  that  they  transferred  enough 
material  eaeh  year  to  cover  the  surface  of  the  ground  with  one-fifth  of  an  inch  of 
new  soil."1 

The  numerous  tunnels  made  by  the  insects  facilitate  the  circulation  of  air 
into  the  soil,  so  essential  to  the  health  of  plants.      Insects  burrow  to  depths  ranging 

1  McClTLLOCH    and    Hayes,    "The    Reciprocal    Relation    of    Soil    and    Insects,"    in 

Ecology,  Vol.  3,  No.  1.  pp.  288  301,  October.  1922. 
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up  to  at  least  5  feel  for  white  grubs  and  10  feel  tor  the  nymphs  oi  cicadas.     Tl 
burrows  doubtless  have  considerable  importance  in  the  movements  of  capillary  watei 
Finally,  insects  arc  of  inestimable  value  in  adding  humus  or  organic  matter  to  t  he  soil. 
This  is  accomplished  in  several  ways.     The  dead  bodies  of  tie-  insects  themselves 
accumulating  on  the  surface  are  a  fertilizing  clement.     Especially  is  this  noteworthy 

in  the  case  of  insects  like  May-flies,  which  develop  in  countless  numbers  in  t  he  water  ot 
our  lakes  and  streams  and  then,  as  adults,  fly  inland  and  often  perish  to  form  great 
windrows  of  dead  insects  about  lights.  The  excreta  of  insects  is  a  rich  manure,  com- 
paring favorably  in  chemical  content  with  that  of  the  larger  animals  and  in  total 
amount  undoubtedly  exceeding  the  latter. 

In  burrowing  through  the  ground,  insects  bring  up  the  subsoil  particles,  and  cover 
plant  and  animal  materials  lying  on  the  surface.  Others  carry  plant  and  animal 
particles  into  t  he  soil  in  connection  with  their  feeding  or  nesting  activities:  as  termites. 
ants,  cutworms,  burying  beetles,  dung  beetles,  ami  predaceous  wasps.  This  is  some- 
what similar  to  plowing  under  a  cover  crop. 

Hert\  as  in  most  of  the  other  relations  of  insects,  their  small  size  is  abundantly 
offset  by  their  unparalleled  numbers.  Wheeler  says  that  ants  outnumber  in  individ- 
uals all  other  terrestrial  animals.  The  earthworm  as  a  soil  builder  has  been  brought 
prominently  to  our  attention  by  the  writings  of  Darwin;  it  seems  to  the  writers  that 
insects  as  a  whole  must  equal  or  excel  earthworms  in  the  formation,  fertilization,  and 
renovation  of  soils. 

A  great  variety  of  insects  is  found  in  the  soil,  representatives  of  practically  all  of 
the  natural  orders.  The  most  abundant  are  ants,  bees,  wasps,  beetles,  the  larva? 
of  flies,  cutworms,  the  pupae  of  moths,  cicadas,  crickets,  and  springtails.  These 
creatures  have  been  found  in  the  soil  in  abundance  beyond  our  comprehension. 
Different  counts  indicate  a  frequency  of  1,000,000  per  acre,  3,500,000  per  acre  and 
over  10,000,000  individuals  per  acre.  Margaret  Windsor  (unpublished  thesis)  found 
insects  occurring  in  the  forest  soil  in  Illinois,  to  the  depth  of  18  inches,  at  an  average 
frequency  of  65,000,000  to  the  acre. 

Insects  as  Scavengers 

One  of  the  most  interesting  ecological  groups  of  insects  is  that  group  that  feeds  on 
the  decaying  substances  of  plants  and  animals.  Their  service  is  twofold:  in  the  first 
place,  they  help  to  remove  from  the  earth's  surface  the  dead  and  decomposing  bodies 
of  plants  and  animals,  converting  them  into  simpler  and  less  obnoxious  com- 
pounds, and  removing  what  would  otherwise  be  a  menace  to  health;  and  in  the  second 
place,  they  play  a  very  important  part  in  converting  dead  plants  and  animals  into 
simpler  substances  which  can  be  used  as  food  for  growing  plants.  Repulsive  as  they 
may  be,  we  can  not  scorn  the  beneficent  work  they  do.  In  this  work  the  larvae  of 
many  flies  and  the  larvae  and  adults  of  beetles  are  especially  important.  A  fascinating 
story  of  the  lives  of  some  of  the  beetles  is  told  by  Fabre  in  "The  Life  and  Love  of  the 
Insect." 

The  Scientific  and  ^Esthetic  Value  of  Insects 

The  final  service  of  insects  that  we  will  mention  is,  in  a  way,  the 
least  tangible  of  all,  and  perhaps  most  readers  will  think  it  the  least 
important.  Insects  rival  birds  and  flowers  in  beauty;  and  there  are 
many  more  of  them.  Moths  and  butterflies  are  universally  admired. 
But  there  are  thousands  of  kinds  of  beetles,  bees,  flies,  leafhoppers, 
planthoppers,  dragonflies,  mantids  and  others  that  will  be  found  even 
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hit  as  handsome  as  moths  and  butterflies  by  anyone  who  will  examine 
them  through  a  microscope  or  magnifying  glass. 

Much  practical  use  has  been  made  of  the  beauty  of  insects.  Artists, 
florists,  milliners,  and  designers  have  drawn  extensively  from  the  Lepi- 
doptera,  and  might  profitably  draw  much  more  extensively  upon  the 
inexhaust  ible  grace  of  line,  and  beauty  of  color,  so  lavishly  displayed  in 
the  less  well-known  kinds  of  insects.  Insects  are  widely  used  as  orna- 
ments. In  Larger  cities  one  finds  stores  dealing  in  trays,  pins,  necklaces, 
etc.,  of  which  the  sole  claim  to  beauty  is  the  actual  bodies  of  preserved 
insects.  The  reader  should  not  gain  the  idea  that  many  insects  have 
a  very  great  commercial  value.  One  of  the  drawbacks  of  being  an 
entomologist  is  the  frequent  necessity  of  disillusioning  some  trusting 
youngster  who  has  reared  his  first  Cecropia  moth  and  has  hastened  to 
the  nearest  "bugman"  to  sell  his  valuable  (?)  find. 

In  the  Bahamas,  South  Africa,  and  Australia,  the  natives  often  wear  strings  of  what 
arc  called  "ground  pearls,"  which  have  been  found  to  be  the  case  or  shell  secreted 
by  the  nymphs  of  a  kind  of  scale  insect.  They  are  irregular  in  shape,  of  a  variety  of 
colors,  and  often  have  a  beautiful  luster  or  irridescence.  In  the  Caribbean  Islands, 
living  fireflies  are  enclosed  in  gauze  and  worn  as  hair  ornaments. 

The  songs  as  well  as  the  form  and  colors  of  insects  have  been  of  much  interest  from 
earliest  times.  The  natives  of  South  America,  Africa,  Italy,  and  Portugal  cage 
katydids  and  crickets  for  the  sake  of  their  songs;  and  highly  ornamented  cages  con- 
taining these  little  songsters  are  sold  in  the  streets.1  One  of  our  entomologists2  has 
taken  much  pains  to  assemble  the  poetry  based  on  insects,  in  the  English  language 
alone,  from  1400  to  1900  a.  d.  He  records  having  found  over  1,200  separate  excerpts, 
including  about  75  complete  poems. 

The  curious  habits,  structures,  sounds,  and  interactions  of  insects  continually 
afford  profitable  diversion  or  hobbies  to  a  small  army  of  amateur  entomologists, 
ranging  from  care-free  children  to  staid  scientists  and  millionaires.  The  Chinese 
have  elaborate  cricket  fights,  contested  by  champions  that  are  as  carefully  fed  and 
trained  as  American  race  horses  and  that  sell  for  $5,  $10,  or  even  $50  each. 

The  great  abundance  and  variety  of  insects  have  resulted  in  their 
selection  for  many  scientific  studies  and  fundamental  biological  investi- 
gations. In  recent  years,  the  geneticists,  appreciating  the  blood  relation- 
ship of  all  animals,  have  realized  that  many  of  the  foundation  principles 
of  inheritance,  variation,  and  race  improvement  could  be  revealed  as 
clearly  by  insects  as  by  the  more  expensive,  more  cumbersome,  slow- 
breeding  rat,  guinea  pig,  mouse,  or  rabbit.  The  ease  of  handling,  the 
rapidity  of  multiplication  (a  generation  being  completed  in  about  10 
days),  and  the  cheapness  with  which  they  can  be  kept  and  reared  have 
made  the  minute  pomace  fly,  or  Drosophila,  the  favorite  subject  for 
students  of  genetics. 

1  Caudell,  A.  \..  "An  Economic  Consideration  of  Orthoptera  Directlj  Affecting 

Man,  Smith.  Inst.  Ann.  Rept.,  1917,  pp.  o07-514. 

'Walton,  Proc.  Entomol.  Soc..  Washington!  October  and  November,  1922. 
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We  see,  therefore,  that  many  comforts  and  luxuries,  much  food, 
certain  dyes  and  medicines,  and  our  choicest  clothing  come  from  insects; 
that  insects  are  useful  in  scientific  investigations,  in  improving  the 
soil,  in  pollinizing  fruits,  flowers,  and  vegetables,  in  checking  weed 
growth,  as  scavengers,  and  as  food  for  birds  and  fishes  and  even  for  men; 
and  that  our  very  tenure  on  the  earth  is  probably  dependent  upon  the 
friendly  ones  (parasites  and  predators)  among  our  most  numerous 
animal  relatives,  the  insects. 


CHAPTKR  III 
THE  EXTERNAL  MORPHOLOGY  OF  INSECTS 

Insects  are  among  the  humblest  and  lowliest  of  animal  creatures; 
man  belongs  to  a  species  that  has  been  called  the  dominant  species.  Yet 
it  has  been  shown  in  the  preceding  chapters  that  insects  dispute  with 
man  for  the  possession  of  most  of  the  things  he  values  and  often  succeed 
in  getting  the  greater  part  of  the  product  of  his  labors.  The  present 
chapter  is  an  attempt  to  analyze  the  success  of  insects  as  a  group  of 
animals  living  in  keen  competition  with  thousands  of  others. 

Why  have  the  insects,  rather  than  worms,  birds,  or  rodents  become 
the  most  numerous  of  all  animal  groups?  What  is  there  about  insects 
that  has  made  it  possible  for  them  to  increase  continually  in  number 
and  variety,  while  some  other  animal  groups  have  become  extinct  or 
merely  held  their  own?  There  must  be  sound  reasons  for  this:  the 
competition  in  the  fields,  forests,  and  waters  of  the  earth  is  so  intense 
that  no  species  can  long  survive,  much  less  increase  in  numbers,  unless 
it  be  well  fitted  for  living  in  its  particular  environment. 

Every  species  overproduces.  A  single  pair  of  house  flies,  and  their 
descendants,  increasing  without  restriction,  would  in  one  season  produce 
enough  flies  to  suffocate  man  and  all  other  animals  on  earth.  Some 
kinds  of  insects  succeed  in  increasing  to  the  point  where  they  constitute 
plagues,  but  no  species  has  yet  achieved  anything  like  the  rate  of  increase 
of  which  it  is  theoretically  capable.  The  reason  is  that  the  competition 
for  food,  water,  places  wherein  to  lay  eggs,  indeed  even  for  standing 
room,  becomes  a  bitter  struggle  as  soon  as  numbers  approach  the  point 
of  crowding.  This  struggle  is  so  intense  among  the  wild  animals, 
including  insects,  that  the  great  majority  of  all  creatures  born  into  the 
world  die  before  reaching  maturity.  Anyone  can  verify  this  by  following 
the  history  of  a  nestful  of  birds,  a  nest  of  tent  caterpillars,  or  a  colony 
of  tadpoles  in  a  pond. 

There  is  good  evidence  for  believing  that  death  due  to  the  struggle 
for  existence  is  not  indiscriminate;  that  some  have  a  better  chance  of 
surviving  than  others;  that  generally,  and  in  the  long  run,  those  creatures 
that  are  best  fitted  for  life  will  be  the  ones  that  survive.  The  fly  that 
is  slowest  to  take  wing  (whether  because  of  poorer  vision,  or  weaker 
wings,  or  a  more  sluggish  nervous  system)  is  the  one  that  is  caught, 
whether  it  be  by  a  swatter  in  the  hand  of  man,  or  by  the  more  deadly 
tongue  of  a  toad.     When  flies  are  few  and  food  is  scarce,  it  will  be  the 
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loud  with  the  sharpest  eyes,  the  least  alarming  appearance,  the  surest 
aim,  tin-  stickiest  tongue,  and  the  dragonfly  with  the  swiftest  flight,  the 
keenest  sight,  and  the  surest  grasp  thai  will  catch  the  most  flics;  while 
their  less  efficient  brothers  and  cousins  will  go  hungry,  often  to  the 
point  of  starvation.  The  hopper  with  the  slowest  jump  may  be  trampled 
by  the  grazing  cattle  in  the  field,  while  his  quicker  and  stronger  associates 
will  Longest  escape  this  and  other  calamities.  This  usually  results  in 
the  survival  of  the  fittest,  or  at  any  rate  the  elimination  of  the  unfit. 

By  reason,  then,  of  the  facts,  first,  that  every  year  more  of  every 
kind  are  produced  than  can  possibly  survive  (overproduction),  and, 
second,  that  competition  for  every  necessity  is  so  keen  (the  struggle  for 
existence),  we  may  be  sure  that  a  continual  and  pitiless  natural  selection 
is  going  on.  It  follows  that  any  group  that  has  attained  the  numerical 
superiority  of  the  insects,  both  in  species  and  in  individuals,  must  be 
unusually  well  fitted  for  life.  We  shall  be  in  a  better  position  to  fight 
those  insects  that  are  pests,  when  we  understand  their  structure  and 
the  most  important  characteristics  that  fit  them  for  life. 

Characteristics  That  Enable  Insects  to  Compete  with  Man 

The  Size  of  Insects. — One  of  the  greatest  factors  in  the  success  of 
insects  is  undoubtedly  their  small  size.  While  the  largest  insects  reach 
a  length  of  6  to  10  inches,  these  are  very  exceptional.  The  smallest 
known  kinds  are  less  than  Jfoo  °f  an  mcn  long.  The  average  weight  of 
insects  is  probably  not  over  J^ooo  ounce  to  the  individual.  At  first 
thought,  this  might  appear  to  be  a  disadvantage.  However,  it  enables 
insects  to  live  in  cracks  and  crannies  of  the  plant  and  animal  communities, 
where  competition  with  the  larger  animals  is  not  so  great.  Many  insects 
can  subsist  on  the  portions  left  from  the  feeding  of  larger  animals.  They 
can  retreat  into  protected  places  where  larger  animals  cannot  follow. 
They  often  excape  death  because  they  are  completely  overlooked:  very 
often  the  first  intimation  a  grower  has  of  the  presence  of  the  San  Jose 
scale  in  his  orchard  is  the  red  spotting  of  the  fruit  at  harvest  time. 

A  small  body  makes  possible  feats  of  strength  that,  in  comparison 
to  size,  seem  marvelous.  Many  insects  can  carry  from  ten  to  twenty 
times  their  own  weight.  "A  house  fly  can  carry  a  match,  to  equal 
which  a  man  would  need  to  drag  a  timber  35  feet  long  and  as  large 
around  as  his  body."1  A  flea  whose  legs  are  about  J^o  mcn  l°ng  can 
jump  as  far  as  13  inches  horizontally  and  7%  inches  high.  If  length  of 
legs  were  the  only  factor  involved,  we  should  expect  an  athlete  with 
legs  3  feet  long  to  make  a  broad  jump  of  700  feet,  and  a  high  jump  of  at 
least  450  feet.  The  smaller  the  muscle  (other  factors  being  equal),  the 
greater  the  proportionate  work  it  can  do. 

1  Sanderson  and  Jackson,  "Elementary  Entomology,"  Ginn  and  Company,  1912. 
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Rapidity  of  Reproduction.  A  second  factor  in  the  success  of  insects 
as  a  class  is  I  heir  great  reproductive  capacity.  This  is  discussed  later 
in  (he  account  of  the  life  cycle  (p.  138). 

The  Adaptability  of  Insects.  In  the  adaptability  of  insects  we  see 
another  superior  quality.  New  structures  and  new  habits  arc  continu- 
ously developing.  New  forms  are  evolving  and  old  forms  changing  in 
accommodation  to  the  constantly  changing  face  of  the  continent.  Within 
the  memory  of  those  still  living,  certain  insects  have  adapted  themselves 
to  new  host  plants,  thus  changing  from  insignificant  bugs  to  major  pests. 
Insects  have  not  restricted  themselves  to  one  medium,  like  the  fish  or 
the  birds,  or  to  one  kind  of  host,  like  the  parasitic  worms;  they  occur 
on  and  in  the  water,  in  the  air  and  soil,  on  animals  and  plants,  and  within 
the  bodies  of  both;  in  houses,  ships,  and  mills,  and  in  almost  all  sorts  of 
organic  and  inorganic  substances.  The  problems  in  insect  control  are 
more  serious  in  areas  where  the  biological  and  physical  environment  is 
undergoing  rapid  changes,  than  they  are  in  areas  where  conditions  have 
become  more  stable  by  a  long  and  gradual  development.  It  is  one  of 
the  greatest  tributes  to  the  remarkable  variety  and  plasticity  of  the 
insect  class  that,  in  the  face  of  rapid  and  radical  changes,  some  species 
of  insect  is  certain  to  adapt  itself  with  surprising  promptness  to  the  new 
opportunity,  and  so  successfully  that  it  very  soon  becomes  a  serious  pest. 

The  Persistence  of  Insects. — In  the  instinctive  behavior  of  insects 
we  see  an  explanation  of  their  apparent  fixity  of  purpose.  They  lack 
both  reason  and  judgment.  This  would  seem  to  put  them  at  a  great 
disadvantage  compared  to  man;  and  so  it  would,  individual  to  individual. 
But  considered  in  the  mass  it  means  on  the  part  of  the  insect,  unfaltering 
pursuit  of  the  work  for  which  it  is  adapted.  The  every-day  behavior 
of  the  flies  about  an  animal,  or  in  a  room  when  one  is  trying  to  sleep, 
illustrates  this  point.  They  cannot  be  frightened  away,  or  discouraged 
by  repeated  assault;  they  recognize  no  defeat.  So  long  as  life  persists 
within  them  they  continue  unflinchingly  to  procure  a  living  for  them- 
selves and  to  prepare  for  the  next  generation. 

The  Exoskeleton  of  Insects. — A  characteristic  of  insects  that  we 
may  be  sure  has  been  important  in  their  evolution  is  the  nature  of 
the  body  wall.  Insects  have  no  bones,  but  are  covered  all  over  the 
outside  with  a  kind  of  hard  shell.  This  shell  is  not  heavy.  It  is  much 
lighter  and  also  stronger  than  bone.  It  is  also  remarkably  resistant 
to  solution  or  corrosion,  not  being  affected  by  any  of  the  ordinary  chem- 
icals. Strong  acids  or  alkalies,  alcohol,  solvents,  and  the  like  have  no 
noticeable  effect  on  the  outer  body  wall  of  insects.  Even  boiling  potas- 
sium hydroxide,  which  quickly  dissolves  flesh  and  horn,  does  not  destroy 
the  skin  of  the  insect,  unless  the  treatment  is  continued  for  a  long  time. 
Because  of  the  unusually  stable  character  of  the  body  wall,  insects  can 
be  kept,  like  mummies,  for  hundreds  of  years  without  any  preservative; 
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retaining  practically  a  life-like  appearance  after  death.  The  practical 
importance  of  this  we  recognize  when  we  attempt  to  control  insects  by 
contact  sprays.  The  great  difficulty  has  always  been  to  find  a  substance 
that  would  attack  the  body  of  an  insect  and  kill  it  without  at  the  same 
time  killing  or  injuring  the  plant  on  which  it  was  feeding. 

It  is  interesting  to  know  how  an  insect  grows  the  hard  shell  which 
covers  every  part  of  its  body,  even  the  eyes,  feelers  and  mouth  parts. 
A  very  thin  layer  of  it  also  extends  down  the  throat,  over  the  posterior 
part  of  the  alimentary  canal,  and  as  an  inner  lining  throughout  the 
length  of  the  breathing  tubes.  It  is  formed  first  as  a  secretion  which  is 
semifluid  and  covers  the  entire  body  like  a  soft  leather  glove.  The 
secretion  which  is  known  as  the  cuticula  comes  from  a  layer  of  cells  just 
beneath  it  called  the  hypodermis  (Fig.  43).     The  hypodermis  is  composed 
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Fio.  43. — A  section  of  the  body  wall  of  an  insect  showing  spines,  Bete,  membranous 
and  chitinized  cuticula,  an  apodeme,  a  conjunctiva  and  the  several  layers  of  the  body  wall. 
(Redrawn  after  Comstock  and  Snodgrass.) 

of  a  single  continuous  layer  of  living  cells,  while  the  cuticula  is  lifeless 
material  like  our  nails  or  hair.  Both  cover  the  outside  of  the  body 
completely.  As  soon  as  the  semifluid  cuticula  is  formed  over  the  body, 
it  begins  to  harden  or  "set"  much  like  cement,  and  in  the  course  of  an 
hour  or  so  it  has  become  as  firm  and  stiff*  as  a  sheet  of  metal  armor. 
This  change  from  flexible  to  stiff  cuticula  is  due  to  a  chemical  process, 
and  the  hard  material  forrned  is  called  chitin  (pronounced  ky'-tin).  It 
contains  carbon,  hydrogen,  nitrogen,  and  oxygen,  and  the  formula  has 
been  given  as  C30H50N4O10. 

On  account  of  this  covering  of  the  body,  and  the  absence  of  bones 
within,  insects  are  said  to  have  a  chitinous  exoskeleton  instead  of  a  bony 
endoskeleton  (Fig.  44).  The  exoskeleton  serves  two  very  important 
functions.  It  protects  the  delicate  muscles,  nerves,  and  other  organs 
from  excessive  evaporation  and  mechanical  injury.  It  also  serves  as  a 
framework  for  the  attachment  of  muscles.  In  the  latter  capacity  an 
exoskeleton  seems  to  offer  certain  advantages  over  an  endoskeleton.  It 
gives  vastly  greater  area  for  the  attachment  of  muscles  and  certain 
opportunities  for  very  effective  leverage.  As  a  protective  armor  it 
could  hardly  be  improved  upon.     The  typical  insect  is  built  with  its 
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Fir;.  44.  Skeleton  of  a  mammal  and  an  insect  compared:  A,  an  animal  /cat)  with  a 
bony  endoekeleton;  H,  an  animal  (honeybee)  with  a  obitinoua  exoekeleton.  For  emphasis 
certain  ingrowths  of  the  cuticula  (the  endoekeleton  of  the  bee)  have  been  omitted.  (A, 
modified  from  Davison' a  "Mammalian  Anatomy"  P.  Blaktston't  Son  .V-  Co.;  H.  redrawn  after 
Snodgrass.) 
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shell  somewhat  in  the  form  of  a  hollow  cylinder,  which  is  the  strong 
type  of  construction  possible  with  a  given  amount  of  material.  The 
ends  of  the  cylinder  are  closed  with  more  or  less  convex  caps  so  that 
from  almost  any  point  of  attack  the  insect  body  presents  an  arched 
ciuist ruction.  This  protects  insects  from  injury  by  ordinary  blows  or 
in  falling;  a  point  of  great  significance  when  we  consider  the  very  active 
apparently  reckless,  sort  of  lives  most  of  them  lead. 

The  Segmentation  of  the  Body. — Many  animals  that  are  covered 
with  a  hard  outer  shell  are  sluggish,  inactive,  and  sedentary  in  habits, 
like  the  clams,  snails,  and  barnacles.  This  is  not  true  of  most  insects. 
The  latter  have  achieved  the  happy  combination  of  an  armor  plate 
without  sacrificing  freedom  of  movement.  This  is  made  possible  by 
the  characteristic  known  as  segmentation.  As  you  examine  the  body 
of  an  insect  (especially  caterpillars),  you  see  that  the  external  wall  does 
not  present  a  smooth,  unbroken  surface  (see  Figs.  54,  1  and  46).  On  the 
contrary,  it  is  divided  by  constrictions  into  a  series  of  ringlike  pieces,  all 
connected,  yet  moving  rather  freely  on  each  other.  The  word  insect  is 
from  the  Latin  insert  inn — "cut  into" — and  refers  to  the  manner  in  which 
the  parts  of  the  body  are  separated  by  constrictions.  If  you  examine 
these  joints  carefully,  you  may  be  able  to  see  that  they  consist  more  or 
less  of  an  infolding  or  pleating  of  the  body  wall  (Figs.  44,  B  and  43). 
At  the  joints  of  the  body  and  legs,  the  cuticula  does  not  become  stiff,  by 
the  formation  of  chitin,  as  it  does  between  the  constrictions,  but  remains 
soft  and  elastic. 

Segmentation  of  the  body  is  an  important  advantage.  If  we  contrast 
it  with  the  condition  shown  in  other  shelled  animals,  like  snails  and 
clams,  we  see  that  it  permits  great  freedom  of  movement  and  activity. 
And,  in  the  second  place,  it  facilitates  specialization  which  makes  for 
efficiency.  The  body  so  divided  into  segments  may  devote  one  part  to 
securing  food,  another  to  locomotion,  another  to  reproduction,  another 
to  defense,  and  so  on.  It  permits  division  of  labor,  which  has  always 
made  for  success  and  progress  the  world  over,  whether  it  be  in  a  force 
of  factory  workers,  in  a  football  team,  or  in  the  body  of  a  bumblebee. 

The  segments  of  the  body  are  called  somites  or  body  segments,  to 
distinguish  them  from  the  segments  of  legs,  antennae,  and  other  append- 
ages. (The  term  "joint''  properly  refers  to  the  constriction  between 
two  segments,  and  should  not  be  used  for  the  segment.)  The  flexible 
portion  of  the  cuticula  connecting  any  two  segments  is  called  a  con- 
junctiva (Fig.  43).  Besides  the  conjunctivae,  or  infoldings  between  seg- 
ments, there  are  many  other  lines  or  strips  of  the  body  wall  that  do  not 
become  stiff  and  hard.  Such  linear  infoldings  or  impressed  lines  are 
referred  to  as  sutures  (Fig.  43)  and  may  run  in  any  direction  over  the 
surface  of  the  body.  The  areas  of  the  body  wall  bounded  by  sutures  are 
called  scle rites.     A  suture  is  to  a  sclerite  what  a  seam  is  to  a  patch. 
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Kaeh  hody  segment   is  m;i<lr  up  of  (;il   must  )  lour  exposed  faces.       The 

dorsal  <>r  upper  face  is  called  the  tergum,  the  ventral  luce  (the  pari  next 
to  the  ground  when  i lie  insect  is  in  its  normal  position)  is  called  the 
sternumj  and  each  lateral  face  or  side  piece  is  called  a  pleura.  Kachof 
these  faces  may  be  made  up  of  several  sclerites. 

The  typical  number  of  Begments  in  the  insect  body  is  about  20. 
This  number  is  greatly  obscured  and  reduced  in  most  insects  by  the 
fusion  of  some  of  the  segments  and  the  degeneration  of  others.     So  that 
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Fig.  45. — Six  different  kinds  of  animals  often  called  "worms,"  that  should  be 
sharply  distinguished.  A,  an  earthworm,  phylum  Annelida  (from  Sanderson  and  Jackson); 
B,  a  slug,  phylum  Mollusca  (redrawn  after  Lovett);  C,  a  round  worm,  phylum  NematheL- 
minthes  (from  Hcrms);  D,  a  millipede,  phylum  Arthropoda,  class  Diplopoda  (from  U.  S. 
D.  A.);  E,  a  caterpillar,  phylum  Arthropoda,  Class  Hexapoda,  (from  U.  S.  D.  A.);  F,  a 
tapeworm,  phylum  Platyhclminthes,  the  head  greatly  enlarged  at  the  left  (from  Jordan 
and  Kdlogg). 

ordinarily  one  will  recognize  only  from  8  to  12  obvious  body  rings  in 
most  insects  (Figs.  36,  A  and  46). 

The  Body  Regions  of  Insects. — Other  animals  besides  insects  have 
the  body  externally  segmented,  notably  the  true  worms,  thousand-legged 
worms,  crayfish,  and  their  relatives.  The  phylum  Arthropoda,  to  which 
insects,  spiders,  crayfish,  and  similar  creatures  belong,  differs  from  the 
true  worms  (phylum  Annelida)  by  having  a  pair  of  jointed  appendages 
on  at  least  a  part  of  the  body  segments.  In  this  way  we  distinguish 
such  things  as  caterpillars,  maggots,  and  grubs  (often  called  "worms," 
but  really  young  insects)  from  the  true  worms  such  as  the  cart h worm,  and 
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From   parasitic  worms  like  the  tapeworm.    The  latter    have  do  legs 
(Fig.  15). 

In  the  true  insects,  there  are  never  more  thai]  one  pair  of  jointed 
appendages  on  any  body  segment.  Hence,  even  if  the,  conjunctivas  art- 
lost  and  the  segments  fused  together,  as  in  the  head,  we  can  usually  tell 
how  many  segments  are  represented  by  noting  the  number  of  paired, 
jointed  appendages  present. 

Six  of  the  twenty  segments  of  the  insect  body  are  fused  into  what  we 
call  the  head.  The  next  three  segments  comprise  what  is  called  the 
thorax,  which  is  distinguished  as  that  part  of  the  insect  body  which  always 
bears  the  jointed  legs,  and  the  wings  if  they  are  present.  The  remaining 
part  of  the  body  (typically  ten  or  eleven  segments)  bears  no  jointed  legs 
and  is  called  the  abdomen.  We  say,  therefore,  that  the  segments  of  the 
body  of  an  insect  are  grouped  into  three  body  regions,  known  as  head, 
thorax,  and  abdomen  (Fig.  46).  This  is  a  further  development  of  the 
specialization  and  division  of  labor  spoken  of  in  connection  with  the 
segmentation  of  the  body.  The  head  of  the  insect  takes  over  the  function 
of  locating  and  taking  in  food,  as  well  as  most  of  the  work  of  sensing 
danger  and  recognizing  friends  and  enemies.  The  thorax  practically 
always  performs  locomotion,  while  the  organs  of  reproduction  are  borne 
by  the  abdomen.  The  one  thing  that  marks  off  the  thorax  from  the 
head  and  abdomen  is  that  it  bears  the  legs.  Hence  we  find  the 
thorax  and  determine  its  limits  by  finding  where  the  six  legs  are 
attached,  even  in  cases,  like  the  beetles,  where  the  thorax  appears  to 
end  just  back,  of  the  front  legs.  The  three  segments  of  the  thorax 
are  given  distinctive  names:  the  one  bearing  the  first  pair  of  legs  is 
known  as  the  prothorax;  the  segment  bearing  the  middle  pair  of  legs 
is  the  mesothorax;  and  the  segment  to  which  the  hind  legs  attach  is  the 
metathorax. 

The  Legs  of  Insects. — The  most  characteristic  single  thing  we  can 
name  for  insects  is  the  presence  of  three  pairs  of  jointed  legs.  These 
are  practically  always  present  in  adult  or  mature  insects,  and  generally 
present  in  all  other  stages.  '  However,  a  good  many  maggots,  grubs,  and 
other  larvae  are  entirely  legless  (see  Figs.  451,  517,  b  and  536).  Some 
insect  larva3,  notably  the  caterpillars,  have  in  addition  to  the  six  pairs  of 
jointed  legs  on  the  thorax,  anywhere  from  two  to  eight  additional  pairs 
of  fleshy,  unjointed  projections  on  the  abdomen,  which  are  used  as  legs 
and  are  known  as  prolegs  (see  Figs.  82  and  83,  A,  F). 

Insects  are  the  six-legged  Arthropods.  It  is  this  character  that  has 
given  them  their  class  name  Hexapoda  (meaning  six  legs).  The  spiders, 
mites,  and  ticks  (Figs.  88  to  90)  have  four  pairs  of  legs.  The  crayfish 
(Fig.  93),  lobsters,  crabs,  and  their  relatives  have  five  pairs  of  walking 
legs.  The  hundred-legged  worms  (Fig.  87)  have  a  pair  to  each  body 
segment,  anywhere  from  12  to  60  pairs  in  all.     While  the  thousand-legged 
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worms  (Fig.  45,  D)  have  two  pairs  to  each  apparent  segment,  Bometimei 

as  in:iii\  as  17:>  pairs. 

No  one  can  study  active  insects  long  without  being  impressed  by  the 
extensive  use  they  make  of  their  legs.  In  insects  the  legs  perform  many 
of  the  functions  for  which  we  would  use  our  hands,  though  sometimes 
the  mouth  parts  are  used  for  digging,  carrying,  fighting,  and  the  like. 
In  addition  to  walking  and  jumping,  insects  often  use  their  legs  for 
digging,  grasping,  feeling,  swimming,  carrying  loads,  building  nests,  and 
cleaning  parts  of  the  body.  The  cricket  and  katydid  have  "ears"  on 
their  front  legs  (Fig.  47,  A). 

Perhaps  there  is  something  significant  in  the  number  of  legs  that  we 
find  in  this  most  abundant  group  of  animals.  If  we  study  the  move- 
ments of  the  legs,  we  find  that  the  insect  does  not  move  the  three  on 
either  side  together  and  alternately  with  those  on  the  other  side;  nor 
does  it  move  the  two  of  any  pair  in  unison.  Instead  they  go  in  tripods, 
the  middle  one  of  either  side  being  raised  and  advanced  about  the  same 
time  as  the  front  and  hind  ones  of  the  other  side.  While  these  three 
are  being  advanced,  the  other  three  are  supporting  the  body.  Since 
three  supports  is  the  smallest  number  that  will  give  a  stable  equilibrium, 
we  see  that  insects,  unlike  two-legged  and  four-legged  animals,  are  in 
a  state  of  stable  equilibrium,  whether  standing  or  moving.  This  requires 
less  muscular  effort  and  practically  eliminates  that  hazardous  period 
that  many  animals  undergo  while  learning  to  walk.  As  to  a  larger 
number  of  legs  we  need  only  quote  the  following  ditty: 

A  centipede  was  happy,  quite, 

Until  a  toad  in  fun 

Said,  "Pray,  which  leg  moves  after  which?" 

Which  raised  her  doubts  to  such  a  pitch, 

She  fell  exhausted  in  the  ditch, 

Not  knowing  how  to  run. 

All  insect  legs  arc  made  up  of  five  parts  and  these  parts  always  occur  m 
the  same  order.  Beginning  next  to  the  thorax,  the  names  of  the  parts 
are  (Figs.  46,  47  and  53) : 

Coxa  (plural  coxre) 

Trochanter  (plural  trochanters) 
Femur  (plural  femora) 
Tibia  (plural  tibia1) 
Tarsus  (plural  tarsi). 

These  names  are  constantly  used  in  describing  and  determining  insects, 
and  they  should  be  learned  once  for  all.  All  of  these  parts  are  single 
segments  except  (a)  the  tarsus,  or  "foot,"  which  varies  from  one  to 
five  segments  (besides  the  claws  and  pads  at  the  end  of  the  leg,  which 
are  not  counted  as  segments) ;  and  (6)  the  trochanter,  which  in  a  few  cases, 
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Fig.  47. — Legs  of  insects  showing  modifications  for  different  functions.  A,  digging 
lc^  of  a  mole  cricket.  Note  the  rakelike  tibia  with  the  three-segmented  tarsus  beneath  it; 
also  the  slitlike  "ear"  or  tympanum  toward  the  base  of  the  tibia.  B,  jumping  leg  of  a 
grasshopper  (from  Univ.  Kansas).  C,  hind  leg  of  worker  honeybee  adapted  for  assem- 
bling and  carrying  food  substances;  the  rows  of  regular  hairs  on  the  basal  aegment  of  the 
tarsus  are  used  for  gathering  pollen;  the  large  marginal  bristles  of  the  tibia  form,  on  the  side 
opposite  that  shown,  the  pollen  basket  for  carrying  pollen  to  the  hive  {from  Cheshire). 
D,  walking  leg  of  an  ichneumon  wasp.  Note  the  two-segmented  trochanter.  E,  clinging 
leg  of  the  hog  louse.  Note  the  one-segmented  tarsus  with  a  single  claw  adapted  for 
clinging  around  a  hair.  F,  swimming  leg  of  a  predaceous  diving  beetle.  Note  the 
numerous  long  hairs  used  in  rowing  and  the  coxa  which  flattens  out  on  the  body  wall.  Q, 
grasping  leg  of  a  praying  mantis  showing  the  very  long  coxa  to  extend  the  reach  and  the 
t-piny  femur  and  tibia  between  which  insects  arc  caughl  to  be  devoured.  //,  foot  of  the 
common  house  fly.  showing  claws,  pulvilli  and  the  tciient  hairs  that  make  it  possible  for  flies 
to  walk  upside  down  (much  magnified).  (//  from  Kellogy's  ''American  Insects;"  .1.  H,  D, 
K,  /•'.  (,',  original.) 
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notably  the  parasil  ic  wasps,  has  two  segments  (see  Fig.  17,  D).    The  femur 

and  the  tibia  arc  usually  much  longer  than  any  other  segments  in  the  leg, 
and  of  these  the  one  nearer  the  body,  and  usually  the  thicker  one,  is  the 
femur;  the  slenderer,  outer  one  is  the  tibia.  Between  the  femur  and 
the  body  there  are  always  two  (rarely  three)  small  pieces,  the  one  nearest 
the  femur  being  the  trochanter,  and  the  one  next  the  body  the  coxa.  All 
that  part  of  the  leg  beyond  the  end  of  the  tibia  is  the  tarsus.  The 
tarsus  is  the  only  part  of  the  leg  that  is  placed  flat  on  the  ground  when 
the  insect  is  walking,  though  the  end  of  the  tibia  often  has  prominent 
spines  that  help  to  get  a  footing.  The  tarsus  usually  bears  two  sharp, 
curved  hooks  or  claws,  and  some  complicated  pads  on  its  terminal 
segment,  that  are  very  important  in  locomotion.  For  example,  in  the 
house  fly  there  are  many  microscopic  hollow  hairs  on  these  pads  through 
each  of  which  a  sticky  substance  exudes  that  enables  the  fly  to  walk 
upside  down  and  up  very  smooth  surfaces  (Fig.  47,  H). 

The  Wings  of  Insects. — A  characteristic  of  insects  that  we  may  be 
sure  has  been  of  very  great  advantage  in  their  struggle  for  existence  is 
the  possession  of  wings.  Wings  enable  insects,  (a)  to  forage  far  and 
wide  to  find  suitable  food;  (b)  to  flee  quickly  from  enemies  and  other 
dangers;  (c)  to  disperse  widely  and  intimately  to  find  mates  and  lay 
their  eggs;  (d)  often  to  select  nesting  sites  not  accessible  to  many  of  their 
animal  enemies. 

Insects  are  the  only  winged  invertebrates.  That  is  to  say,  if  one  finds 
an  animal  that  has  wings  and  does  not  have  a  backbone  one  may  be  sure 
it  is  an  insect.  Wings  have  been  developed  also  in  two  groups  of  verte- 
brate animals,  the  birds  (Aves)  and  the  bats  (Mammalia).  But  insects 
were  almost  certainly  the  first  " flying  machines,"  because  we  know 
from  fossil  records  that  they  were  present  on  the  earth  in  the  Silurian 
age,  long  aeons  before  either  birds  or  bats  made  their  appearance  upon 
our  globe. 

While  adult  insects  regularly  have  six  legs,  the  number  of  wings 
varies  among  the  different  kinds.  Insects  never  have  functional  wings 
until  they  are  full-grown  or  adult,  and  many  adult  insects  do  not  have 
wings.  Silverfish  and  springtails  represent  wingless-insect  groups,  whose 
ancestors  apparently  never  had  wings.  Others,  such  as  fleas  and  lice 
and  certain  ants  and  aphids,  are  considered  to  be  degenerate  forms 
whose  distant  ancestors  possessed  wings  which  have  been  lost  in  adap- 
tation to  a  more  quiescent  life  in  the  ground  or  on  the  bodies  of  animals. 
Some  of  the  beetles  which  possess  wings  have  not  used  them  and  they  have 
become  atrophied  and  useless.  Other  insects,  such  as  termites  and 
certain  ants,  break  off  or  tear  off  their  wings  after  a  single  nuptial  flight 
and  before  beginning  their  life  in  the  soil.  No  insect  has  more  than 
four  wings,  or  two  pairs.  This  is  the  typical  number.  Some  insects 
have  only  one  pair.     A  good  many  are  wingless  throughout  life. 
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The  wings,  like  the  legs,  are  always  attached  to  the  thorax,  the  front 
pair  bo  the  mesothorax  and  the  hind  pair  to  the  metathorax  (Figs.  44,  H, 
hi,  and  53).  When  one  pair  only  is  present  (Fig.  36),  it  is  the  first 
pair,  and  it  is  borne  by  the  mesothorax.  We  sec  thus  that  the  thorax 
has  all  the  organs  of  locomotion.  This  is  ideal  because  it  is  near  the 
center  of  mass  of  the  body. 

The  wings  of  an  insect  are  remarkably  different  structurally  from 
those  of  a  bird  or  bat.  They  contain  no  bones,  muscles,  feathers,  nerves, 
or  blood  vessels,  and  usually  no  joints.  They  are  simply  thin  sheets  of 
parchment-like  cuticula  that  are  moved  by  the  action  of  muscles  attached 
to  the  base  of  the  wing,  inside  the  body  wall. 

The  wings  develop,  as  anyone  can  easily  determine  by  examining  a 
young  grasshopper  or  bug,  a  moth  newly  emerged  from  its  chrysalis,  or 


Fig.  48. — Front  wing  of  the  monarch  butterfly,  showing  names  applied  to  various  parts 
of  an  insect  wing.  (Original.)  A,  diagrammatic  cross-section  of  an  insect  wing  to  show- 
how  it  is  formed  of  two  membranes  and  how  the  veins  develop  as  hollow  rods  by  the  thicken- 
ing of  one  or  both  membranes  along  certain  lines.      (Redrawn  after  Woodworth.) 

a  teneral  fly,  each  as  a  hollow  sac  folded  out  from  the  body  wall  (Fig.  81). 
Promptly  after  the  insect  breaks  out  of  its  pupal  or  last  nymphal  skin 
these  wing  sacs  enlarge  and  their  walls  flatten  together  and  unite,  so 
that  the  upper  and  under  walls  of  the  sac  become  fused  and  indistinguish- 
able from  a  single  membrane.  They  fuse  closely  in  this  way,  except 
along  certain  lines  where  the  two  walls  remain  separated  slightly  and 
become  thickened,  to  make  a  kind  of  framework  of  hollow  ribs,  between 
which  the  wing  membrane  stretches.  The  hollow  linear  ribs  (Fig.  48) 
which  make  up  the  framework  of  the  wing  are  known  as  veins,  though 
they  have  nothing  to  do  with  the  circulation  of  the  blood.  The  areas,  of 
various  shapes,  enclosed  between  the  veins  are  called  cells;  closed  cell ;  if 
the  area  is  entirely  surrounded  by  veins,  open  cells  if  the  area  extends 
to  the  wing  margin  without  an  intervening  vein  (Fig.  48). 

In  outline  (Fig.  48)  the  wings  are  often  somewhat  triangular.  The 
front  side  of  the  triangle  is  known  as  the  costal  margin,  and  the  outer 
side  the  apical  margin,  while  the  third  side  is  called   the  inner  or  anal 
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margin.  Generally  the  veins  are  heavier  or  more  closely  placed  toward 
the  costal  margin,  since  the  greatest  stress  during  flight  is  on  this  area 

of  the  win"-. 

Wings  are  very  important  structures  in  the  classification  of  insects. 
This  is  because  they  vary  so  widely  in  form  and  appearance  in  different 

groups.  As  we  shall  learn  later,  most  of  the  order  names  of  insects  end 
in  ptera,  meaning  wing.  Thus  the  Diptera  (Hies)  are  the  "two-winged  " 
insects,  the  Coleoptera  (beetles)  are  the  "sheath- winged"  insects,  the 
Lepidoptera  (moths  and  butterflies)  are  the  " scale-winged"  insects,  the 
Hemiptera  (true  bugs)  are  the  "half-winged"  insects,  the  Hymenoptera 
(wasps,  bees)  are  the  "membrane-winged"  insects,  and  the  Orthoptera 
(grasshoppers,  etc.)  are  the  " straight-winged"  insects. 

There  is  a  great  range  in  size  of  wings  from  those  of  the  largest  known 
grasshoppers  and  moths,  whose  two  wings  spread  10  or  11  inches,  to 
those  of  minute  egg  parasites  which  barely  expand  }^oo  mcn  from  tip 
to  tip.  A  large  wing  does  not  necessarily  mean  that  its  possessor  is  a 
rapid  flier.  Indeed,  in  general  the  swiftest  flying  insects  are  those  with 
small-  to  moderate-sized  wings.  The  rapidity  with  which  the  wings 
beat  is  a  much  more  important  factor  in  the  speed  of  flight.  Butterflies 
in  flying  commonly  beat  the  wings  at  about  9  strokes  a  second;  dragon- 
flies  about  28  strokes  a  second;  while  other  insects  like  the  honeybee 
and  the  house  fly  vibrate  their  wings  much  more  rapidly — so  fast  that 
they  become  invisible. 

The  Antennae  of  Insects. — The  way  in  which  segmentation  of  the 
body  facilitates  division  of  labor  is  well  shown  in  the  paired  jointed 
appendages  on  the  heads  of  insects.  These  appendages  of  the  head 
arise  during  embryonic  development  in  exactly  the  same  way  as  the 
legs,  and  for  a  time  are  indistinguishable  from  them.  But  in  the  active 
insect  these  appendages  have  become  greatly  differentiated  for  several 
distinct  functions.  One  group  of  them  comprises  the  mouth  parts 
which  are  discussed  more  fully  in  Chap.  V.  Another  pair  of  appendages, 
homologous  with  the  legs,  has  become  modified  to  form  the  " feelers" 
or  "horns,"  or,  as  they  are  properly  called,  the  antennce  (Figs.  46 
and  49). 

None  of  the  higher  animals  has  anything  to  compare  with  the  antennae 
of  insects  and  their  relatives.  With  them  various  insects  feel  their 
way,  detect  danger,  locate  their  food,  find  their  mates,  and,  at  least  in 
some  cases,  use  them  to  communicate  with  others  of  their  own  kind, 
(e.g.,  the  ants);  or  bear  end  organs  of  smell  (as  in  the  flies);  or  use  them 
in  hearing  (e.g.,  as  the  male  mosquito).  A  pair  of  long,  flexible,  highly 
sensitive  "feelers,"  with  which  the  insect  can  sound  out  the  environment 
ahead,  must  be  of  very  great  advantage  to  these  active  animals.  Most 
insects  show  great  distress  and  sometimes  helplessness  when  the  antennae 
are  removed  or  injured. 
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All  true  Insects  have  one  pair  of  antenna.    This  is  a  useful  distinguish- 
ing  mark;  for  the  spiders,  mites,  fcicks,  and  scorpions  have  no  antennae, 
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Fig.  49.-Thc  commoner  typos  of  insect  antenna  with  the    names  applied  to  each  type 

{Redrawn  from  various  sources.) 

the  crayfish,  lobsters,  and  crabs  have  two  pairs,   while  the  centipedes 

and  millipedes  agree  with  the  insects  in  having  one  pair. 

Types  of  Antenncr --The  antennae  of  injects  vary  greatly  in  size  and  form,  and  are 
much  used  in  classification.     The  following  special   names  have  been  applied  to 
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certain  of  the  common  typos  (Fig.  49).  A  Jlliform  or  thread-like  antenna  is  one  in 
which  all  the  segments  are  of  aboui  the  Bame  thickness  and  without  prominent  con- 
strictions at  the  joints.     A  monffiform  antenna  is  one  made  up  of  somewhat  globular 

segments,  with  prominent  constrictions  bet  u  BOD  them,  the  whole  suggesting  the  shape 
of  a  string  of  beads.  A  setaceous,  or  bristle-like,  antenna  is  characterized  by  ;i  notice- 
able decrease  in  the  size  of  segments  from  the  base  to  the  apex,  so  that  the  antenna 
tapers  from  a  rather  thick  base  to  a  very  slender  tip.  A  clavale,  or  club-shaped, 
antenna  enlarges  gradually  toward  the  tip,  the  segments  near  the  end  being  Larger 
than  those  near  mid-length.  An  antenna  in  which  the  enlargement  toward  the  tip 
is  more  abrupt  and  greater  than  in  the  clavate  type,  is  called  capitate  or  knobbed. 
If  the  enlargement  at  the  end  is  almost  entirely  toward  one  side  from  the  axis  of  the 
antenna  and  forms  broad,  somewhat  flattened  plates,  we  call  the  antenna  lamellate. 
Sometimes  all  of  the  segments  show  projections  to  one  or  more  sides.  If  the  segments 
have  short  triangular  projections  to  one  side  we  call  the  antenna  serrate  or  saw-toothed. 
If  these  side  projections  are  long,  the  antenna  is  said  to  be  pectinate  or  comblike. 
Sometimes  each  segment  has  two  or  even  three  such  projections,  which  form  two  or 
three  rows  of  teeth  along  the  sides  of  the  antenna,  when  it  is  called  bipectinate  or 
tri pectinate.  An  antenna  which  has  whorls  of  hairs  coming  off  at  or  near  the  joints  is 
called  plumose  or  plumelike.  In  many  of  the  flies,  the  antennae  bear  on  the  upper 
side  of  the  third  and  last  segment  a  heavy  bristle  known  as  the  arista;  and  this  kind 
of  antenna  is  called  aristate.  A  similar  bristle  or  appendage1  at  t  he  end  of  the  antenna 
is  called  a  style,  and  such  an  antenna  is  said  to  be  stylate.  A  geniculate  antenna  is  one 
that  has  a  sharp  bend  like  a  flexed  arm. 

The  Eyes  of  Insects. — Insects  have  eyes  of  very  complicated  structure 
and  of  at  least  two  very  distinct  kinds.  Yet  we  believe  that  vision  in 
most  insects  is  poor,  and  probably  subordinate  to  smell  and  touch  as  a 
guide  to  them  in  their  reactions  to  the  environment. 

The  two  kinds  of  eyes  are  called  compound  eyes  and  simple  eyes  or 
ocelli  (Fig.  50).  Typically  there  are  two  compound  eyes  and  three 
simple  eyes.  The  simple  eyes  are  so  very  small  as  to  require  careful 
examination  to  find  them.  They  are  often  arranged  in  a  triangle  on 
the  head,  somewhere  between  the  compound  eyes.  In  butterflies  and 
moths  there  are  only  two  ocelli,  one  near  the  base  of  each  antenna.  In 
many  insects  there  are  no  ocelli.  Larvae,  such  as  caterpillars,  maggots, 
and  grubs,  never  have  compound  eyes,  though  they  may  have  simple 
eyes,  from  one  to  six  or  more  on  each  side  of  the  head  (Fig.  54) .  Nymphs, 
the  young  of  true  bugs,  grasshoppers,  and  the  like,  do  have  compound 
eyes  (Fig.  79). 

The  compound  eyes  are  usually  the  most  conspicuous  objects  on  the 
wall  of  the  head.  They  are  convex,  round,  oval,  or  kidney-shaped 
areas,  one  on  each  side.  They  usually  appear  shiny  and  suggest  their 
function  even  at  a  glance.  But  when  examined  through  a  microscope 
they  are  found  to  be  hardly  eye-like  at  all.  There  are  no  eyelids  or 
eyelashes  protecting  a  delicate  moist  surface,  as  in  the  vertebrate  eye; 
but  the  hard  resistant  cuticula  of  the  general  body  wall  continues  without 
a  break  across  the  surface  of  the  eye.  It  is,  however,  transparent  over 
the  eye  surface,  and  admits  the  light;  in  this  respect  being  something 
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like  a  window  fixed  in  the  wall  of  the  otherwise  dark  skull-case,  a  window 
composed  of  very  many  minute  hexagonal  panes  fitted  closely  together 
(Fig.  51).  Bach  of  these  hexagonal  areas  is  called  &  facet,  and  is  the 
exposed  face  of  an  independent  lens  (cornea).  Ants  have  from  50  to 
100  facets  or  cornea4  in  each  eye;  the  house  fly  has  about  4,000  to  each 
eye;  a  swallowtail  butterfly,  17,000;  while  in  certain  of  the  sphinx  moths 
(Folsom)  and  dragonflies  (Tillyard)  more  than  50,000  facets  occur  in 
the  two  eyes.     (See  also  p.  99.) 

While  most  insects  have  very  complicated  organs  of  vision,  there  are 
some  kinds  that  appear  to  be  entirely  blind. 
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Fig.  50. — 'Head  of  a  fly,  Didca  fasciata  Macq.,  dorsal  view,  showing  the  large  compound 
eyes  which  occupy  the  entire  sides  of  the  head;  between  them  the  three  minute  simple  eyes 
or  ocelli  arranged  in  a  triangle;  and  the  aristate  antennae.  This  is  a  female  fly;  many  male 
flies  have  the  compound  eyes  touching  each  other  on  top  of  the  head.  Much  enlarged. 
(From  Metcalf,  in  the  Ohio  Naturalist.) 

Fig.  51. — Photomicrographs  taken  through  the  cornea  of  a  fly.  Note  the  honeycomb- 
like margins  ("sash")  which  divide  the  cornea  into  a  number  of  hexagonal  facets  ("  panes"). 
In  one  case  the  object  photographed  is  extremely  close  to  the  eye,  in  the  other  case  moved  a 
slight  distance  further  from  the  eye.  (From  Howes'  "Insect  Behavior,"  courtesy  Richard 
G.  Badger.) 


Summary 


In  this  discussion  of  the  structures  that  adapt  insects  for  so  successful 
a  competition  with  other  animals,  most  of  their  distinguishing  character- 
istics have  been  given;  that  is,  the  structural  peculiarities  that  serve  to 
separate  them  from  all  other  animal  groups.  These  may  be  summarized 
as  follows: 

1.  Insects  have  three  pairs  of  legs. 

2.  Insects  have  usually  two  pairs  of  wings  when  adult,  sometimes 
only  one  pair,  although  many  species  are  wingless. 

3.  Insects  have  a  segmented  body.1 

4.  The  segments  are  grouped  into  three  body  regions  known  as 
head,  thorax  and  abdomen. 

5.  Many  of  the  segments  bear  a  pair  of  jointed  appendages.1 

1  These  characteristics  are  shared  with  the  other  classes  of  the  phylum  Arthropoda 
(see  pp.   106  and    162). 
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6.  The  head  is  provided  wit  h  ;t  single  pair  of  ;ml  i-nna- 

7.  Insects   usually   have  a  pair  of  compound  eyes  when  adult,  and 
sometimes  simple  eyes  in  addition. 

8.  The  body  has  a  chitinous  exoskeleton  instead  of  a   bony  endo- 
skeleton.1 

9.  The  body  is  bilaterally  symmetrical.1 

1  These  characteristics  are  Bhared  with  the  other  classes  of  the  phylum  Arthropods 
(see  pp.   106  and  H>2). 


CHAPTER  IV 
THE  INTERNAL  ANATOMY  AND  PHYSIOLOGY  OF  INSECTS 

A  living  insect  performs  all  of  the  functions  that  are  common  to 
animals;  and,  so  far  as  we  can  determine,  none  that  are  peculiar  to 
insects,  that  is,  none  that  are  not  performed  also  by  the  body  of  man  or 
any  other  animal.  The  smallest  insects  are  as  perfectly  formed  in  the 
structure  of  tissues  and  organs  as  man  or  an  elephant.  Few,  if  any, 
other  animals  have  so  complex  an  organization  in  so  small  a  body. 

The  more  important  functions,  together  with  the  principal  organ 
systems  that  perform  them,  may  be  listed  as  follows: 

Functions  Organs 

1.  Ingestion Mouth  parts  and  pharynx 

2.  Egestion Rectum  and  anus 

3.  Digestion,  absorption,  and  nutrition Alimentary  system 

4.  Excretion Excretory  system 

5.  Secretion Glands 

6.  Respiration Respiratory  system 

7.  Circulation Circulatory  system 

8.  Sensation,  conduction,  and  coordination Nervous  system 

9.  Motion  and  locon  otion Muscular  system 

10.  Reproduction Reproductive  system 

11.  Growth   and  development   (discussed  in   Chap.   VI). 

12.  Protection Various  organs  and  habits 

Metabolism 

Living  animals  of  most  kinds,  and  insects  in  particular,  are  noteworthy 
for  their  great  activity,  the  continual  changes  of  their  physical  bodies 
and  their  ability  to  do  "work."  This  work  involves  especially  moving 
about  to  secure  food  and  congenial  surroundings,  to  escape  enemies,  to 
find  mates,  to  construct  nests,  and  to  lay  eggs  for  another  generation. 
The  ability  to  do  work  depends  upon  the  possession  of  energy.  This  is 
secured  from  food  substances  in  which  energy  from  the  sun  has  been 
stored  by  green  plants.  Metabolism  is  the  term  applied  to  all  the  chemical 
changes  taking  place  in  the  living  body.  It  has  two  phases:  (a)  anabo- 
lixm,  a  building-up  process,  which  begins  with  digestion  and  reaches  its 
climax  after  the  assimilation  of  the  digested  foods  and  their  synthesis 
into  various  bodily  .secretions  and  the  complex  proteid  compounds  which 
make  up  protoplasm,  the  living  substance.     The  complex  and  unstable 
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protoplasm  is  continuously  being  attacked  by  breaking-down  read  ions 
(especially  oxidation),  which  are  known  collectively  as  (b)  katabolivm, 

Katabolisni  is  a  very  important  process,  for  through  it  only  can  the 
energy  essential  for  all  life  activities  be  released  from  the  food  in  a 
usable  form  inside  the  body.  Katabolism  results  in  the  formation  of 
wastes  or  by-products.  Some  of  these  (for  example,  water)  may  be  used 
again  by  the  body.  Gaseous  wastes,  such  as  carbon  dioxide,  are  removed 
by  the  tracheae  in  the  process  known  as  respiration  (see  below).  Other 
wastes  are  taken  by  the  blood  and  carried  in  solution  until  they  are 
eliminated  by  the  process  known  as  excretion  (see  below). 

Ingestion  and  Egestion. — The  ingestion  or  taking  in  of  foods  is 
treated  in  the  chapter  on  mouth  parts  of  insects  (Chap.  V).  Most  food 
materials  when  taken  into  the  alimentary  canal  cannot  pass  through 
its  walls  into  the  blood  and  be  carried  to  the  various  tissues  requiring 
them,  until  they  have  undergone  certain  modifications  known  as  digestion, 
which  render  them  soluble  or  absorbable.  Much  of  the  material  swal- 
lowed is  indigestible  and  is  egested  from  the  alimentary  canal,  never 
having  been  a  part  of  the  living  body  of  the  insect.  This  act  of  voiding 
material  that  has  not  been  digested  {egestion  or  evacuation)  must  not  be 
confused  with  excretion,  discussed  later.  Often  poisons  designed  to  kill 
insects  fail  because,  even  though  eaten,  they  pass  unchanged  through 
the  body.  It  is  an  interesting  fact  that  certain  insects,  such  as  parasitic 
wasps  and  the  honeybee,  while  young,  have  no  connection  between  the 
mid-intestine  and  the  hind-intestine  and  cannot  void  any  excreta  until 
as  adults  they  leave  the  body  of  the  host  or  the  brood  cells  where  their 
youth  was  passed. 

Digestion,  Absorption,  and  Nutrition. — The  digestive  processes  of 
insects  have  never  been  adequately  studied.  Apparently  insects  have 
no  organs  like  the  liver  and  pancreas  of  higher  animals.  Yet  some 
insects  digest  substances  that  the  human  system  cannot  assimilate,  such 
as  dry  wood  (cellulose)  and  wool.  And  others  may  develop  on  a  pure 
diet  of  substances  such  as  black  and  red  pepper,  ginger,  ergot,  or  tobacco 
that  to  us  would  be  inacceptable  or  poisonous.  In  some  cases  (see 
termites,  p.  739)  it  appears  that  the  digestion  of  substances  like  cellulose 
is  really  brought  about  by  minute  animals,  protozoa,  that  make  their 
home  in  the  alimentary  canal  of  the  insect.  Without  these  protozoa 
the  insects  cannot  live.  In  such  cases  the  insect  may  live  on  the  excreta 
of  the  protozoa,  or  the  latter  may  function  to  utilize  atmospheric  nitrogen, 
an  essential  element  that  is  lacking  in  the  cellulose. 

The  digestive  enzymes  produced  in  the  several  parts  of  the  alimentary 
canal  and  in  the  various  insect  species  may  be  expected  to  vary  greatly 
in  correlation  with  the  nature  of  the  food.  In  some  species  the  secretion 
of  the  salivary  glands  (Fig.  53)  probably  converts  starch  into  glucose,  as 
does  the  saliva  of  man.     Other  enzymes  produced  by  the  epithelial 
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Cellfl  of  the  canal  walls  or  of  (lie  K-'>s"'i('  C»ca  (Fig.  53)  act  upon  the  food 
substances  as  the  peristaltic  movements  of  tlic  canal  forces  the  pabulum 
slowly  along.  Gradually  a  portion  of  the  material  consumed  is  rendered 
soluble  and  absorbed  through  the  canal  walls  into  the  blood  stream,  to 
be  carried  to  all  parts  of  the  body. 
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Fig.  52. — Diagrammatic  sagittal  sections  of  the  body  of  an  insect  to  show  the 
arrangement  of  the  principal  organs  and  the  formation  of  the  alimentary  canal.  A,  section 
of  an  insect  in  the  embryonic  stage,  showing  the  anterior  invagination  of  the  ectoderm  which 
forms  the  mouth  (Mth)  and  fore-intestine  or  stomodeum  (Stom);  the  posterior  invagination 
which  forms  the  anus  (An)  and  hind-intestine  or  proctodeum  (Proc);  and  the  endodermal 
development  of  the  mid-intestine  called  the  mesenteron  (Ment.).  B,  section  of  a  mature 
insect,  after  fore-  and  hind-intestines  have  united  with  the  mid-intestine  to  form  a  complete 
canal.  The  fore-intestine  has  differentiated  to  form  the  pharynx  (Phy),  oesophagus  (CE), 
crop  (CV),  and  gizzard  or  proventriculus  (Pvent.).  The  hind-intestine  has  differentiated 
into  small  intestine  (S.  Int.)  with  the  Malpighian  tubes  (Mai)  arising  from  its  anterior 
extremity,  and  rectum  (Rect).  The  mesenteron  has  become  the  stomach  or  ventriculus 
(Vent)  of  the  adult.  An,  anus;  Br,  brain;  Cr,  crop;  Ct,  cuticula;  Hphy,  hypopharynx; 
///.  heart;  Hy,  Hypodermis;  Lb,  labium;  Lm,  labrum;  Mai,  Malpighian  tubules;  Ment, 
mesenteron;  .1///',  mouth;  (E,  oesophagus;  Proc,  proctodeum;  Pvent,  proventriculus; 
Rect,  rectum;  SalGl,  salivary  gland;  SInt,  small  intestine;  SoeGng,  Bubcesophageal  ganglion; 
Stom,  stomodeum;  Vag,  vagina;  Vent,  ventriculus;  VNC,  ventral  nerve  cord.  (From  Snod- 
QT088,  "Anatomy  of  the  Honeybee.'") 

The  alimentary  canal  of  insects  is  a  tube  leading  from  the  mouth  to 
the  anus  at  the  tij)  of  the  abdomen,  so  that  the  structure  of  the  insect 
has  aptly  been  likened  to  a  tube  within  a  tube,  the  outer  tube  being;  the 
body  wall,  the  inner  tube  the  alimentary  canal.  The  space  between 
these  two  tubes  is  called  the  body  cavity,  blood  cavity  or  In  mocale.      In 
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Insects  it  is  largely  filled  with  blood.  The  length  of  the  alimentary 
canal  and  the  complexity  of  its  structure  depend  od  the  food  habits  of 
the  insect ,  and  vary  greatly. 

During  embryonic  development,  the  alimentary  canal  forms  in  three 
sections  (Fig.  52):  the  fore-intestine  and  the  hind-intestine  grow  as  invagi- 
nations from  the  outside,  and  consequently  are  lined  with  cuticula 
similar  to  that  on  the  outside  of  the  body.  This  cuticular  lining  performs 
an  important  function  in  some  insects,  such  as  the  grasshoppers,  in 
which  it  is  developed,  in  the  region  of  the  proventriculus  or  gizzard,  into 
strong  teeth.  The  cuticula  of  the  fore-  and  hind-intestines  is  molted 
each  time  the  external  skin  is  shed.  The  mid-intestine  develops  inter- 
nally (Fig.  52,  Ment.)  and  consequently  lacks  the  cuticular  lining. 

In  some  insects  the  fore-intestine  consists  only  of  the  mouth  cavity 
or  pharynx  (Fig.  52,  Phy)  and  a  straight,  thin-walled  tube,  the  oesophagus 
((E)  leading  back  to  the  stomach  (Vent).  In  other  kinds,  the  fore-intestine 
becomes  greatly  specialized.  The  pharynx,  especially  of  insects  having 
piercing,  siphoning,  or  sponging  mouth  parts,  is  generally  developed  into 
a  pump  or  sucking  device,  closed  by  the  elasticity  of  its  cuticular  lining 
and  by  muscles  in  its  walls,  and  opened  by  muscles  extending  from  these 
walls  to  the  inside  of  the  skull  case  (Figs.  64  and  68).  The  far  end  of 
the  cesophagous  is  often  enlarged  into  a  crop  (Fig.  52,  Cr  and  Fig.  53)  where 
food  is  held  temporarily,  and  a  gizzard  (Pvent)  for  grinding  and  straining 
the  food. 

Between  fore-intestine  and  hind-intestine,  the  mid-intestine  (Fig.  52, 
Ment,  Vent  and  Fig.  53)  is  developed  internally  from  the  embryonic 
endodermal  tissues.  This  tube  eventually  meets  and  connects  with  the 
fore-  and  the  hind-intestine  to  make  a  continuous  canal.  The  mid- 
intestine  can  be  recognized  by  the  absence  of  a  cuticular  lining.  Instead, 
the  cells  lining  it  are  large,  active  cells  that  secrete  digestive  juices.  Their 
number,  and  accordingly  the  amount  of  the  secretion,  is  often  increased 
by  outpocketings  of  the  wall  into  short  or  long  tubes  known  as  gastric 
cceca  (Fig.  53),  the  number  of  which  varies  greatly.  It  seems  likely  that 
it  is  in  the  region  of  the  mid-intestine  that  the  poisons  known  as  stomach 
poisons  chiefly  attack  insects  that  have  swallowed  them. 

Excretion. — The  beginning  of  the  hind-intestine  is  marked  by  the 
attachment  of  a  variable  number  of  tubes,  often  very  long  and  slender, 
that  are  known  as  Malpighian  tubes  (Fig.  52,  Mai,  and  Fig.  53).  These 
are  believed  to  have  a  function  similar  to  the  kidneys  of  higher  animals, 
in  sorting  out  from  the  blood  stream  the  waste  organic  compounds  that 
result  from  katabolism.  The  tubes  are  closed  at  the  free  end  and  have 
a  lumen  that  is  surrounded  by  the  secreting  cells.  Their  cavities  or 
lumina  open  into  the  cavity  of  the  hind-intestine.  They  differ  from  the 
kidneys  of  mammals,  not  only  in  form  and  in  having  no  separate  opening 
to  the  exterior,  but  also  in  the  nature  of  the  urinary  products  formed. 
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In  the  higher  animals,  these  products  (for  example,  urea)  are  soluble 
and  arc  eliminated  in  solution  as  urine.  In  the  insects,  the  excretory 
products  are  insoluble,  and  the  Malpighian  tubes  pour  their  semisolid 

excretions  (principally  uric  acid)  into  the  hind  gut,  through  which  it  is 
carried  from  the  body  with  the  feces. 

Secretion. — The  metabolism  of  insects  results  in  the  formation  not 
only  of  the  living  protoplasm,  but  also  of  various  chemical  substances 
that  serve  a  useful  purpose  in  the  body.  Such  substances  are  called 
secretions.  Cells  of  the  body  that  form  secretions,  or  groups  of  such  cells, 
are  known  as  glands.  Many  of  these  glands  are  formed  as  in-foldings  or 
other  modifications  of  the  hypodermis;  others  from  the  epithelium  lining 
the  internal  surfaces  of  the  body.  Examples  among  the  insects  are  the 
salivary  glands  which  secrete  saliva  (including  silk,  p.  36).  Scent 
glands,  which  give  the  odor  to  so  many  bugs,  may  be  repellent  or 
alluring.  The  repellent  glands  ward  off  enemies.  The  alluring  glands 
doubtless  serve  an  important  function  in  recognition  and  communication 
among  members  of  the  same  species  or  colony.  For  example,  among 
bees  and  ants  many  of  their  seemingly  intelligent  acts  may  be  accounted 
for  by  the  recognition  of  tell-tale  odors.  Alluring  glands,  serving  by  the 
odor  of  their  secretions  to  attract  the  opposite  sex,  occur  on  patches  of 
peculiar  scales  (androconia)  on  the  wings  of  male  butterflies,  or  as  tufts  on 
the  legs  of  the  males,  or  have  their  openings  near  the  tip  of  the  abdomen 
of  females.  Hypodermal  gland  cells  secrete  the  cuticular  covering  that 
forms  the  skeleton  of  the  insect;  also  the  waxy  covering  of  scale  insects 
(including  lac,  p.  42);  also  a  moulting  fluid  used  in  casting  old  skins. 
The  wax  glands  of  the  bees  form  a  material  used  in  making  nests  (p.  41). 
The  tenent  hairs  of  the  fly's  foot  have  already  been  described.  The 
stings  of  Hymenoptera  and  the  nettling  hairs  of  catterpillars  (p.  17) 
have  poison  glands  associated  with  them.  Doubtless  there  are  many 
other  glands  in  the  body  of  the  insect  that  secrete  important  enzymes, 
vitamines,  and  hormones  necessary  to  regulate  and  control  metabolism, 
but  little  study  of  this  subject  in  insects  has  been  made.  The  digestive, 
excretory,  and  reproductive  glands  are  briefly  discussed  under  those 
headings. 

The  fat  body  of  insects  (Fig.  54,  ad)  is  an  important  group  of  cells  that 
occupies  much  of  the  space  between  the  larger  organs  in  the  body  cavity. 
In  these  cells  is  stored  fat,  glycogen,  and  other  nutrient  substances  not 
immediately  required  to  maintain  life.  This  store  is  drawn  upon  for  the 
histogenesis  necessary  when  an  insect  changes  from  larva  to  pupa  and 
adult;  for  the  development  of  the  eggs  of  the  adult  female  and  as  a 
source  of  energy  to  maintain  life  during  periods  of  hibernation  or  other 
stressful  times.  Since  no  food  is  taken  during  the  pupal  stage,  the  most 
important  function  of  the  fat  body  seems  to  be  to  accumulate,  during  the 
feeding  period  of  the  larva,  a  sufficient  reserve  to  furnish  energy  for  the 
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metamorphosis  to  the  adult.  Rogers1  Btates  thai  the  fat  gives  rise  to 
glycogen  during  the  pupal  stage  of  the  silkworm,  which  in  turn  becomes 
transformed  into  sugar  by  the  time  the  adult  stage  is  reached.     In  some 

insects,  especially  those  thai  <!<>  not  haw  Malpighian  tubes,  it  is  believed 
that  the  fat  body  serves  as  an  important  organ  of  excretion.  The  excre- 
tory products  may  be  held  as  more  or  less  permanent  concretions  in  the 
fat  body  or  discharged  through  the  alimentary  canal  as  a,  meconium  when 
the  adult  emerges  from  the  pupa  (Imms). 

Respiration. — Unlike  the  higher  animals,  insects  have  neither  nostrils 
nor  lungs.  They  breathe,  not  through  the  mouth  or  other  openings  on 
the  head,  but  through  a  series  of  paired  holes  along  the  sides  of  the  body 
which  are  called  ^piracies  (Figs.  46,  54,  1,  s,  and  54,  6).  These  openings 
occur  on  thorax  and  abdomen,  but  not  on  the  head;  usually  there  are  two 
pairs  on  the  thorax  and  from  six  to  eight  pairs  on  the  abdomen. 

The  spiracles  lead  into  tubes  called  trachece  (Fig.  55).  The  tracheae 
from  different  spiracles  connect  with  each  other  and  divide  and  subdivide 
and  continue  into  the  minutest  branches,  called  tracheoles,  (Fig.  55,  tra) 
which  reach  ultimately  to  every  organ,  tissue,  and  cell  of  the  body. 
These  branching  tubes  form  an  intricate  network  throughout  the  entire 
body,  and  carry  the  air  directly  to  every  part  of  the  insect  (Fig.  58,  t). 
Through  the  thin  walls  of  the  tracheoles  the  living  cells  withdraw  the 
oxygen  necessary  to  respiration,  by  diffusion,  and  in  the  same  manner  the 
waste  gasses  that  result  from  metabolism  are  returned  to  the  trachea?  and 
so  out  through  the  spiracles. 

The  spiracles  (Fig.  54,  6)  are  often  guarded  by  hairs  or  plugs  that 
serve  to  exclude  foreign  matter,  and  the  trachea  just  within  the  spiracle 
has  in  some  insects  a  valvelike  device  for  closing  it.  The  tracheae,  but 
not  the  tracheoles,  are  lined  with  cuticula  continuous  with  that  on  the 
outside  of  the  body.  This  takes  the  form  of  fine,  spirally  arranged  threads 
(Fig.  55,  A  and  B,  Tae)  that  serve  to  keep  the  tracheal  tubes  from  col- 
lapsing and  that  give  to  tracheae  a  characteristically  cross-striated  appear- 
ance. This  is  sometimes  useful  in  distinguishing  even  minute  bits  of 
insect  tissue,  which  will  contain  tracheae,  from  the  tissues  of  many  other 
animals  which  will  lack  it. 

The  sprays  known  as  contact  poisons  (p.  240)  and  fumigants  (p.  252) 
generally  attack  the  insect  by  way  of  the  respiratory  system.  To  smother 
an  insect  it  would  probably  be  necessary  to  close  practically  all  of  the 
spiracles.  Contact  insecticides  seldom  kill  by  smothering  except  in  the 
case  of  very  small  insects.  The  contact  poisons  are  believed  usually  to 
penetrate  through  the  tracheae  as  gases  or  liquids  and  produce  a  chemical 
effect  on  the  tissues  which  may  result  in  the  death  of  the  insect.  The 
highly    resistant    cuticular    lining    of    these    breathing    tubes,    though 

1  Rogers,  "Textbook  of  Comparative  Physiology,"  McGraw-Hill  Book  Company, 
Inc.,  1927. 
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terminal  branches  of  trachea  wh?ch enter th.        ^  u"   ??   Salivary   gland  and    the 


INTERNAL  ANAT0M1    AND  PHYSIOLOGY  OF  INSECTS 


95 


extremely  thin,  musl  offer  considerable  resistance  to  injury  by  insect  icicles, 
unless  the  Latter  penetrate  to  the  minute  tracheoles,  which  are  ool  lined 
wit h  cut icula. 

Much  is  vet  to  be  learned  about  the  way  in  which  insects  respire; 
particularly  how  the  air  is  forced  the  full  Length  of  the  extremely  delicate 
tubes.  Some  insects  have  been  said  to  use  certain  of  their  spiracles  for 
inhalation  and  others  for  exhalation.     Folsom  says  that  in  insects  inhala- 


FlO.  55. — Structure  and  terminal  branches  of  tracheae.  A,  a  piece  of  trachea  showing 
characteristic  cross-striated  appearance  due  to  spiral  taenidia,  and  method  of  branching. 
B,  structure  of  tracheal  tube,  showing  epithelium  (Epth)  of  flat  cells,  outer  covering  of 
basement  membrane  (BM),  and  inner  cuticular  lining  or  intima  (In)  with  spiral  thickenings 
of  taenidia  (Tac).  C,  tracheal  branches  (Tra)  ending  in  tracheoles  (tra)  on  muscle  fibers. 
D,  tracheation  of  piece  of  fat  body,  showing  tracheoles  on  fat  cells  (Ft  Cls),  but  not  on 
cenocytes  (Ocns).      (From  Snodgra.88,  ''Anatomy  of  the  Honeybee") 

tion   is   a   passive   act;   while   exhalation  requires  muscular  effort — the 
opposite  of  the  condition  in  man. 

Insects  that  live  in  the  water  either  come  to  the  surface  to  breathe 
at  intervals,  or  carry  air  under  water  clinging  to  special  parts  of  their 
bodies,  or  respire  by  means  of  gills.  Insect  gills  (Fig.  102,  B)  are  not 
usually  blood  gills  like  those  of  fish.  The  air  that  is  taken  in  through  the 
gill  walls  of  insects  usually  enters  tracheal  tubes  instead  of  being  received 


following  abbreviations  are  used:  Al  to  AH  abdominal  segments  one  to  eight;  a,  anus;  ad, 
adipose  tissue;  ah,  anal  horn;  ao,  aorta;  aj>,  anal  plate;  a-  pi,  anal  prolog;  or,  arched  nerve; 
at,  antenna;  6,  bladder  of  Malpighian  tubule;  ai,  claw;  ce,  caica;  cl,  clypeus;  co,  coxa;  d.m.L, 
dorsal  Malpighian  tubule;  c,  epicranial  suture;/,  front;/-,  femur;  //.  head;  i,  spinneret; 
lb,  labium;  lg,  leg;  li,  large  intestine;  lr,  Labium;  md,  mandible;  mi,  Malpighian  tubule; 
mx,  maxilla;  o,  ocelli;  oe,  oesophagus;  p,  pharynx;  pi,  proleg;  }>m,  pharyngeal  innscle;  re, 
tectum;  rn,  recurrent  nerve;  rm,  rectal  muscle;  8,  spiracle;  sg,  silk  gland;  si,  small  intestine; 
>7.  salivary  gland;  ■-)>,  brain  ;  *t.  part  of  sympathel ic  nerve;  T 1 ,  '/'_'  and  '/':;.  t  boracic  segments, 
prothorax,  mesothorax  and  metathorax,  respectively;  /.  trachea-;  in,  tarsus;  H,  tibia;  tr, 
trochanter;  r>  ,  ventriculus;  v.m.t.,  ventral  Malpighian  tubule.  (From  Peterson  in  Ann. 
Enlom.  Soc.  Amer.,  Vol.  V.) 
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by  the  blood,  as  it  is  in  fishes.  Such  gills  are  called  tracheal  gills  in  con- 
trast with  the  blood  gills  of  many  other  animals. 

Circulation. — Tracheal  respiration  is  much  more  direct  than  the 
method  employed  by  the  higher  animals.  In  the  higher  animals  the 
lungs  serve  as  a  place  where  the  blood  is  purified  by  exchanging  the  waste 
gases  of  the  body  for  oxygen.  The  red  blood  corpuscles  carry  these  gases 
between  the  lungs  and  all  other  parts  of  the  body.  The  blood  of  insects 
has  no  red  corpuscles  and  has  little  or  nothing  to  do  with  respiration.  It 
is  yellowish  or  greenish  in  color.  Its  chief  function  is  nutritive,  carrying 
food  materials  from  the  digestive  system  to  all  parts  of  the  body. 

Structurally,  the  circulatory  system  is  very  simple  in  insects,  consist- 
ing of  a  single  tube  lying  close  under  the  body  wall  down  the  middle  of  the 
back.  This  tube  (Fig.  52,  Ht;  Fig.  53;  Fig.  58,  ao,  h),  often  called  "the 
heart,"  is  closed  at  the  posterior  end,  but  has  small  openings  at  regular 
intervals  along  the  sides.  The  blood  may  enter  these  openings,  but  an 
arrangement  of  valves  prevents  its  flowing  back  out  of  them. 

When  the  tube  contracts,  the  blood  is  forced  forward  to  the  region  of 
the  head  where  it  leaves  the  tube  and  enters  the  general  body  cavity, 
that  is,  the  space  between  the  alimentary  canal  and  the  inner  surface  of 
the  body  wall.  This  cavity  is  filled  with  blood  which,  by  the  pulsations 
of  the  heart  and  some  accessory  organs,  is  kept  flowing  in  more  or  less 
definite  streams,  over  and  about  the  viscera  and  out  into  all  the  append- 
ages. As  it  bathes  the  alimentary  canal,  it  receives  by  osmosis  through 
the  intestinal  walls  the  digested  food;  as  it  passes  muscles,  glands,  and 
other  tissues,  these  nutrient  substances  from  the  food  are  given  up  to  be 
transformed  into  protoplasm  or  secretions;  and  as  it  flows  over  the  Mal- 
pighian  tubes  it  gives  up  to  them  the  waste  products  of  metabolism  which 
have  not  been  passed  out  in  gaseous  form  through  the  tracheae. 

Sensation,  Conduction,  and  Coordination 

It  is  one  of  the  inherent  characteristics  of  living  substance  to  be  sensi- 
tive or  irritable  to  the  various  stimuli  that  act  upon  it  and  to  respond  by 
altering  its  behavior  in  some  way.  In  all  but  the  simplest  of  animals 
this  is  accomplished  by  a  nervous  system.  Nerves  are  composed  of  cells, 
very  highly  specialized  for  sensation,  conduction,  and  coordination. 
Each  nerve  cell  is  known  as  a  neuron,  and  may  be  either  a  sensory 
(afferent)  neuron,  which  conducts  impulses  inward  from  a  sense  organ;  or 
a  motor  (efferent)  neuron,  which  conducts  impulses  from  the  ganglia  out- 
ward to  muscles  or  glands.  Each  neuron  has  a  body  part,  including  the 
nucleus,  from  which  extremely  elongate,  branched  processes  extend. 
The  nervous  system  in  insects  is  composed  of  groups  of  nerve  cells 
arranged  in  small,  white,  compact  masses  known  as  ganglia  (Fig.  53); 
of  connectives  that  extend  from  one  ganglion  to  another;  and  of  nerve 
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fibers  which  extend  from  ganglia  to  all  other  organs  of  the  body.  These 
fibers  connect  eyes,  antennas,  palps,  and  other  sensitive  parts  of  t he 

body  through  sensory  neurons  to  the  ganglia,  whence  motor  neurons  carry 
the  impulses  to  the  muscles  or  glands.  In  this  \v;iy,  stimuli  from  the 
receptive  end-organs  arc  transmitted  to  the  effective  muscles  or  glands 
which  respond  by  altering  their  behavior  in  some  way. 

The  centra]  nervous  system  in  insects  is  composed  typically  of  a  series 
of  ganglia  which  are  connected  by  a  double  nerve  cord  running  from  end 
to  end  of  the  body  (Fig.  52,  VNC,  Fig.  53).  There  are  typically  two 
ganglia,  a  right  and  a  left,  in  each  segment,  but  they  are  usually  fused 
together  and  the  double  cords  also  fuse  so  that  the  typically  ladder-like 
structure  looks  more  like  a  thread  with  a  knot  in  each  body-segment. 
Except  in  the  head,  the  whole  system  lies  in  the  bottom  of  the  body 
cavity  along  the  ventral  side  of  the  body,  instead  of  down  the  back  as  in 
vertebrates.  In  the  head,  a  small  mass  of  ganglia  known  as  the  brain 
(Fig.  52  Br,  Fig.  53),  lies  above  the  oesophagus  and  another  ganglionic 
mass,  called  the  suboesophageal  ganglia  below  the  oesophagus.  The 
alimentary  canal  (oesophagus)  passes  between  the  two  connectives  that 
extend  from  brain  to  suboesophageal  ganglia. 

The  brain  of  an  insect  is  a  relatively  much  less  important  organ  than 
the  brain  of  a  vertebrate.  It  is  believed  that  in  insects  there  is  much  less 
of  associative  processes,  adjusting,  coordinating,  or  deliberating,  than  in 
higher  animals;  much  of  the  nervous  activity  being  on  a  simple  receptor- 
effector  basis.  As  a  result  of -this,  each  body  segment  exhibits  consider- 
able independence  of  other  segments,  its  ganglion  largely  controlling  the 
movements  of  the  appendages  to  which  its  nerve  fibers  run.  Insects  that 
have  had  the  brain  entirely  removed  may  live,  walk,  and  fly  for  some 
time,  though  their  movements  may  be  erratic  and  not  purposeful.  The 
brain  sends  nerves  to  eyes,  antennae,  and  upper  lip,  the  suboesophageal 
ganglion  to  the  other  mouth  parts  (see  Fig.  53),  and  each  other  ganglion 
typically  to  the  appendages  of  the  segment  in  which  it  lies.  In  many 
adult  insects,  however,  the  ganglia  from  a  number  of  segments  fuse 
into  one  mass,  especially  in  the  thorax.  When  such  a  thoracic  mass 
occurs  it  is  usually  highly  sensitive  to  injury,  and  any  mutilation  of  it 
results  in  death  more  promptly  than  similar  injuries  to  the  brain.  In 
addition  to  the  central  nervous  system  just  described,  there  is  a  small  but 
rather  complex  sympathetic  system  (Fig.  53),  which  is  thought  to  control 
the  movements  of  the  heart,  the  digestive  system,  and  the  spiracle  muscles. 

The  Sense  Organs  of  Insects. — The  function  of  a  nervous  system  is  to 
acquaint  the  insect  with  changes  in  its  environment.  To  do  this  it  must 
have  certain  receptors  (sense  organs),  which  interpret  or  translate  these 
changes  (stimuli)  into  impulses  that  traverse  the  nerves  and  eventually 
produce  a  response  in  the  muscle  or  gland  to  which  the}-  run.  Some  of  t  he 
sense  organs  of  insects  are  affected  by  light,  others  by  pressure  or  contact 
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Willi  other  objects,  some   by  sound   waves,  and  others  by  chemicals  in 

solution.    The  sense  organs  of  touch  are  chiefly  certain  sense  hairs  on  I  he 

surface  of  the  body,  that  differ  from  ordinary  hairs,  or  setce,  by  having  a 
minute  nerve  fiber  running  into  them  (see  Fig.  43).  The  sense  organs 
for  the  perception  of  chemicals  are  generally  described  as  very  thin-walled 
cones  or  plates  covering  a  minute  pore  in  the  cuticula  and  kept  moist  by 
a  secreting  cell,  the  theory  being  that  the  contact  of  such  a  sense  organ 
with  solid  parts  of  food  or  other  chemical  results  in  some  of  the  latter's 
passing  in  solution  through  the  thin  wall  of  the  cone  or  plate  by  osmosis 
and  so  stimulating  the  nerve  ending  in  a  manner  which  we  call  taste.  If 
gases,  or  minute  drifting  particles  of  food  or  other  chemicals,  are  dissolved 
on  the  moist  end-organ,  the  result  is  similar,  but  we  speak  of  it  as  smell. 
The  sense  organs  of  taste  and  smell  are  not  so  restricted  in  distribution 
as  in  higher  animals.  Organs  of  taste  are  generally  thought  to  occur  on 
palps,  epipharynx,  and  hypopharynx;  and  organs  of  smell  have  been 
described  as  occurring  on  the  palps,  the  antennae,  and  in  some  cases  on 
the  cerci  (Fig.  53),  near  the  posterior  end  of  the  body. 

Smell  is  probably  a  very  important  function  among  insects,  and  there 
seems  every  reason  to  believe  that  they  detect  odors  that  are  impercep- 
tible to  us.  This  sense  is  important  in  locating  foods,  in  locating  suitable 
places  to  deposit  eggs,  and  in  finding  mates.  If  the  females  of  our  larger 
moths,  newly  emerged  from  the  cocoon,  are  exposed  out-of-doors 
their  odors  usually  attract  males  of  their  species  from  considerable 
distances.  In  one  instance,  73  males  of  the  cecropia  moth  were  thus 
attracted  by  a  single  female  exposed  in  a  large  screened  cage,  during 
one   night. 

Organs  of  Hearing. — Insects  have  no  ears  on  the  sides  of  the  head. 
However,  they  do  have  various  organs  that  are  believed  to  serve  for  the 
perception  of  sound  waves.  The  best  known  of  these  are  the  so-called 
"ears"  of  grasshoppers,  which  are  conspicuous  oval  plates,  tympana,  one 
on  each  side  of  the  first  segment  of  the  abdomen  (Fig.  46).  Over  these 
areas  the  body  wall  is  much  thinned  and  apparently  fitted  to  be  set  in 
vibration  by  sound  waves.  Internal  to  the  tympana  are  certain  compli- 
cated structures  that  doubtless  serve  to  translate  vibrations  into  impulses 
that  traverse  the  auditory  nerve  to  the  thoracic  ganglia.  In  crickets  and 
katydids,  a  smaller  tympanum  is  found  on  each  front  leg  near  the  base  of 
the  tibia  (Fig.  47,  A). 

Another  very  interesting  organ  of  hearing  has  been  described  from  the 
antennae  of  the  male  mosquito.  In  the  male  mosquito,  the  whorls  of 
hairs  that  come  off  from  the  antennal  segments  are  much  longer  and  more 
numerous  than  in  the  female.  The  second  segment  from  the  head  is  very 
large  in  the  male  and  the  rest  of  the  antenna  arises  from  a  cup-shaped 
cavity  on  its  outer,  or  distal,  face  (Fig.  49,  plumose).  The  whorls  of  hairs 
are  of  different  lengths,  and  vibrate  to  sound  waves  of  different  tones.     It 
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is  believed  that  these  vibrations  are  transmitted  through  1  he  large  basal 
Segment  to  the  auditory  nerve.  Since  the  hairs  vibrate  extensively  to 
tones  of  the  same  pitch  as  that  of  the  hum  made  by  the  female  mosquito 
in  flight ,  t  he  t  heory  has  been  advanced  t  hat  t  lie  male  turns  his  head  until 
the  two  antennas  are  stimulated  equally  by  such  a  sound,  when,  by  flying 
straight  ahead,  he  is  able  to  find  his  mate. 

Vision. — In  the  preceding  chapter,  p.  84,  the  external  appearance  of 
compound  eyes  with  their  many  hexagonal  facets  was  described.  Each 
facet  is  the  end  view  of  a  functionally  independent  eye  unit,  called  an 
ommatidium,  which  runs  inward  like  a  tube  or 
rod  toward  the  center  of  the  head  (Fig.  56).  c 
From  the  inner  end  of  each  ommatidium  a  * 
nerve  fiber  extends  to  the  brain.  The  light 
admitted  through  the  transparent  cuticula  at 
the  outer  end  traverses  the  length  of  the 
"tube"  and  falls  upon  retinal  or  visual  end- 
organs,  which  translate  the  wave  lengths  into 
stimuli  that  pass  to  the  brain.  It  is  believed 
that  each  ommatidium  does  not  form  an 
image  of  the  whole  object,  but  only  preserves 
the  intensity,  pattern,  and  color  of  the  light 
coming  from  the  particular  small  part  of  the 
object  that  is  in  line  with  its  long  axis. 
Indeed,  the  several  ommatidia,  or  " tubes,"       FlG-  56.— Portion  of  the  com- 

,,  ,  ,    -  i        xi  i         pound    eye    of    a    blow-fly    (Cal- 

are  usually  so  isolated  from  each  other  by  uvhoravomitoria)  in  radial  section. 

pigment,  that  no  light  Can  pass  from  One  to  c-  cornea  which  is  modified  cutic- 
,,         ,,  rr«i  i_ •       j     cc  fi.1.  i      ula;    i,     iris    pigment;    n,    nerve 

the  other.     The  combined  effect  of  thousands  fibers  ieading  to  the  brain;  nc, 

Of  Such  minute  areas  Of  light  and  shade  makes  nerve  or  retinal  cells ;  r,  retinal  pig- 
.,  ..        .  ,1      ,     it        •  •  ment;  t,  trachea.      (From  Folsom's 

the    Stimulus    that    the    insect    recognizes    as    "Entomology"    after    Hick  son, 

the  object  before  it.  This  is  called  " mosaic  courtesy  P.  Biakiston's  Son  &  Co.) 
vision"  and  may  be  thought  of  as  something 

like  a  cut-out  picture  puzzle;  each  unit  of  the  puzzle,  with  its  particular 
areas  of  light  and  shade,  meaningless  in  itself,  but  when  properly  fitted  to 
the  others  forming  an  image  (Fig.  51). 

We  really  do  not  know  how  well  an  insect  can  see  with  such  eyes. 
They  are  sometimes  so  big  and  bulging  that  the  insect  must  be  able  to 
see  in  front  of  it,  to  each  side,  above  and  below,  and  even  to  some  extent 
behind.  On  the  other  hand,  it  cannot  move  its  eyes,  it  cannot  focus 
them  upon  objects  at  various  distances,  and  of  course  it  cannot  close 
them.  In  all  probability,  the  closer  an  object,  the  better  it  is  seen, 
because  more  of  the  ommatidia  will  cover  an  object  close  at  hand  t  ban  one 
far  away.  It  is  believed  that  the  compound  eye  is  especially  good  at 
detecting  objects  in  motion,  because  different  independent  ommatidia 
are  stimulated  in  succession.  • 
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The  "'•(///  or  simple  eves  arc  of  several  kinds,  but  all  agree  in  differing 
from  the  compound  eyes  in  having  a  single  corneay  or  Bhining  convex 

lens,  through  which  light  is  thrown  upon  retinal  or  visual  cells.  Such 
an  eye,  in  which  the  shape  of  the  lens  and  the  distance  from  lens  to 
retina  is  fixed,  must  see  things  clearly  only  at  one  definite  distance 
away.  Most  objects  must  be  OUt  of  focus.  The  lenses  are  very  convex, 
hence  the  focal  distance  is  short  and  these  simple  eyes  must  be  near- 
sighted ones.  They  may  serve  simply  to  distinguish  the  lighter  from 
the  darker  parts  of  the  environment. 

Motion  and  Locomotion 

Muscles  are  composed  of  cells  highly  specialized  for  contractility. 
They  are  grouped  together  into  fibers,  and  the  fibers  in  turn  into  muscles 
which  act  as  units  in  moving  the  body  and  its  appendages  (Fig.  58) .  The 
number  of  muscles  in  an  insect  body  is  very  large,  sometimes  at  least  4,000, 
in  contrast  with  400  or  500  in  the  body  of  man.  The  ends  of  the  muscles 
which  move  the  jaws,  legs,  and  wings  of  insects  are  secured  to  the  inner 
surface  of  some  portion  of  the  body  wall,  since  there  are  no  bones  to 
serve  for  this  attachment  (Figs.  64  and  68). 

Insect  muscles  agree  with  those  of  the  higher  animals  in  being  most  ly 
of  the  striated  type,  in  which  alternate  light  and  dark  bands  cross  the 
fibres  (see  Fig.  55,  C).  They  differ  from  the  muscles  of  the  larger 
animals  in  being  yellowish  or  colorless;  and,  the  fibers  not  being  enclosed 
in  tendinous  sheaths,  they  seem  softer  than  those  of  vertebrates. 

We  have  already  indicated,  however,  that  they  are  very  efficient 
in  operating  the  small  bodies  of  insects.  They  are  also  capable  of 
remarkable  endurance,  as  indicated  by  the  long-sustained  flight  of 
many  insects,  during  which  the  wings  may  vibrate  several  thousand 
t  imes  a  minute.  This,  like  the  rapid  reproduction  of  insects,  is  dependent 
upon  a  high  rate  of  metabolism;  that  is,  the  rapid  conversion  of  food 
materials  into  living  protoplasm  and  the  equally  rapid  breaking  down 
of  the  living  tissues  in  order  to  release  the  energy  necessary  for  all  bodily 
activities.     Most  insects  literally  lead  a  fast  life. 

The  Reproductive  System  of  Insects 

In  some  animals,  each  individual  may  be  both  male  and  female  (as 
in  the  common  earthworm) ;  but  among  the  insects,  male  and  female 
reproductive  organs  are  always  borne  by  different  individuals.  Male 
and  female  insects  are  often  equally  injurious.  In  some  species  the  females 
are  more  injurious,  either  because  the  adult  males  are  short-lived  and 
do  not  feed  (as  in  scale  insects)  or  because  the  female  inflicts  injury  in 
the  egg-laying  act  (for  example,  the  tree  crickets).  Male  insects  are 
generally  smaller  than   the  females.     The  sexes  are  sometimes  indis- 
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tinguishable  on  external  appearance  bui  generally  show  minor  differences 
by  which  they  can  be  identified.  In  many  species  of  flics,  the  sexes  can 
be  i old  apart  by  the  difference  in  the  eyes,  as  shown  in  Fig.  50.  Fre- 
quently an  examination  of  the  tip  of  the  abdomen  will  show  differences 

Bufficienl  to  distinguish  the  sexes.  In  some  eases  the  two  sexes  are  so 
different  Looking  as  to  appear  like  widely  separated  kinds  (Cf.  Figs.  127 
and    L28). 

The  reproductive  organs  are  usually  found  toward  the  tip  of  the 
abdomen  (Fig.  53),  although  when  the  eggs  are  developing  they  often 
j iack  the  entire  body  cavity  of  the  female.  The  opening  from  the 
reproductive  organs  is  near  the  posterior  end  of  the  body  in  all  insects, 
and  is  commonly  surrounded  by  external  genitalia.  In  the  female,  there 
is  an  ovipositor  (Figs.  46  and  97),  an  organ  for  thrusting  eggs  into  the 
ground,  the  tissues  of  plants,  or  the  bodies  of  other  animals.  In  the 
male,  there  are  claspers  (Fig.  53),  used  to  hold  the  female  during  mating, 
and  the  penis.  The  external  genitalia  are  coming  to  be  used  very 
extensively  in  the  determination  of  species,  the  small,  and  often  complex, 
parts  showing  perhaps  more  distinct  differences  between  species  than 
any  other  group  of  structures. 

In  either  sex,  the  gametes  or  germ  cells  (eggs  and  sperms,  respectively) 
are  developed  from  cells  of  ordinary  appearance,  and  prepared  for  union 
in  the  sex  glands.  These  glands  (Fig.  57)  are  commonly  more  or  less 
compact  bodies  lying  among  the  other  organs  of  the  abdomen  or  sus- 
pended by  filaments  from  the  inside  of  the  dorsal  wall  of  the  body.  The 
testes  and  ovaries  differ  so  much  in  form  that  no  brief  general  description 
can  be  given.  Each  consists  internally  of  a  number  of  minute  tubes  or 
beadlike  strings  of  cells,  the  ovarian  tubes  in  the  female  and  the  testicular 
follicles  in  the  male,  down  which  the  sex  cells  pass  as  they  become  more  and 
more  highly  specialized  and  finally  emerge  as  matured  eggs  and  spermato- 
zoa. As  the  eggs  descend  the  ovarian  tubes,  the  shell  is  secreted  about 
them  by  the  small  cells  that  form  the  walls  of  the  tube.  From  the  sex 
glands  the  gametes  are  conveyed  toward  the  exterior  of  the  body  through 
tubes  known  as  vasa  deferentia  or  seminal  ducts  in  the  male  and  oviducts 
in  the  female.  Pending  mating,  the  accumulated  sperms  are  held  in 
the  body  of  the  male  in  dilatations  of  the  vasa  deferentia  known  as 
seminal  vesicles.  At  the  time  of  mating,  the  sperms  are  usually  received 
into  a  special  pouch  of  the  female  system  known  as  the  seminal  receptacle 
or  spermatheca,  which  is  attached  to  the  oviducts  or  vagina.  Later,  as 
the  eggs  are  being  laid,  some  of  the  stored  sperms  are  forced  out  upon 
them  when  they  pass  the  opening  of  the  seminal  receptacle,  thus  bringing 
about  fertilization.  In  the  case  of  the  honeybee  queen,  the  sperms 
retain  their  viability  in  the  seminal  receptacle  throughout  her  lifetime 
of  several  years.  Eggs  may  be  fertilized  by  these  sperms  years  after 
the    mating    took    place.      The    two    oviducts    usually    unite    to    form    a 
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Common  duct,  the  vagina,  and  the  two  seminal  duels  usually  fuse  into 
a  single  ejaculatory  duct.  Accessory  glands  of  the  male  secrete  the  fluid 
with  which  the  sperms  are  mixed,  and  sometimes  saclike  coverings  for 
packets  of  sperms  known  as  spermatophores;  and  in  the  female  they 
secrete  a  substance  for  cementing  eggs  together,  or  fastening  them  to 
leaves  and  other  objects,  or  capsules  to  enclose  a  number  of  eggs.  The 
correspondence  of  the  organs  of  male  and  female  is  shown  in  the  following 
table  (after  Folsom,  compare  with  Fig.  57) : 


Fig.  57. — Male  reproductive  organs,  on  the  left,  diagrammatic;  right  testis  is  shown  in 
section  to  expose  the  testicular  follicles,  ag,  accessory  glands;  ed,  ejaculatory  duct;  sv, 
seminal  vesicles;  t,  testes;  vd,  vasa  deferentia. 

Female  reproductive  organs,  on  the  right,  diagrammatic,  o,  ovary;  od,  oviduct;  c, 
egg  calyx;  v,  vagina;  a,  spermatheca;  be,  bursa  copulatrix;  sg,  spermathecal  gland;  eg, 
colleterial  gland.  (From  Comstock's  "Introduction  to  Entomology,"  Comstock  Publishing 
Co.) 

Female  Male 

Ovaries Testes 

Ovarian  tubes Testicular  follicles 

Oviducts Seminal  ducts  or  vasa  deferentia 

Vagina Ejaculatory  duct 

Ovipositor Penis 

Seminal  receptacle Seminal  vesicle 

Accessory  glands Accessory  glands 

The  growth  and  development  of  the  insect  following  the  formation 
and  fusion  of  the  egg  and  sperm  is  discussed  in  Chap.  VI. 
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i,T(.     so  _  Anatomy  of  the  tomato  worm  or  hornworm.      The  body  wall  of  the  larva  has 
been  openld  ^-1.1  ride  and  spread  to  show,  on  the  Left,  the  pnncipd  branches 

oT*eTacheT^ 

the  outside  through  the  body  wall.  On  the  right  are  shown  **£f"*£^\£ 
aorta  (ao)  with  the  wing-shaped  muscles  (toA)  that  hold  the  heart  m  place,  tn  I'M 
ZLl  raTheal  trunk  of  that  ride  (U.);  thebuds  rom  which  t he  wy  «  . he  adult 
are  subsequently  developed  if.b.),  the  front  wing  hud.  and  (*.  6.)  t  u  I  . id -  bud. t* 
reproductive  organ8  (r)  and  some  of  the  many .^"^^^L ™£r*  &£ 
p.r.r.m.,  s.d.r.m..  s.v.r.m.,  *.).  (For  the  explanation  of  other  letters  sec  unaei  rig.  o*.) 
(From  Peterson  in  Ann.  Entotn.  Soc.  Amcr.  Vol.  V.) 
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Protection 

Protection  from  natural  enemies  and  adverse  climatic  conditions  is  as 
necessary  to  safeguard  the  individual  as  reproduction  is  to  perpetuate  the 
species.  The  keen  struggle  for  existence  among  animals  has  resulted  in 
t  he  perfection  and  adoption  of  a  great  variety  of  protective  structures  and 
devices,  which  are  nowhere  better  illustrated  than  among  insects. 

The  methods  of  protection  among  insects  may  be  classified  into: 

(a)  Protective  structures  and  constructions; 

(b)  Protective  size,  form,  and  color; 

(c)  Protective  positions; 

(d)  Protective  behavior  or  reactions. 

The  importance  of  a  chitinized  exoskeleton  as  a  protection  to  insects 
has  already  been  emphasized  in  Chap.  III.  Such  a  hard  body  wall  is 
characteristic  of  the  great  majority  of  insects.  The  chitin  is  often  pro- 
longed into  bristles,  spines,  hairs,  and  scales  which  further  protect  the 
insect  from  mechanical  injury,  from  excessive  heat  or  evaporation,  or 
from  natural  enemies,  which  find  the  hairy  or  spiny  creatures 
unpalatable. 

In  certain  caterpillars  the  protective  value  of  the  hairs  is  further 
increased  by  venom  which  fills  them,  and  which  nettles  or  poisons  other 
animals  that  touch  the  hairs  (see  p.  17).  The  body  fluids  of  blister 
beetles  and  some  other  insects  are  corrosive  or  poisonous.  Many  insects, 
especially  in  the  bug  order  (Hemiptera),  have  odors  that  are  repulsive. 
Some,  like  the  celery  caterpillar,  give  off  odors  or  bitter  secretions  from 
eversible  glands  (Fig.  140,  6),  the  sudden  erection  of  which  may  have 
value  in  frightening  certain  enemies. 

Insects  build  many  curious  constructions  to  protect  themselves  or 
their  young.  The  best  known  of  these  are  the  cocoons  of.  moths  and 
butterflies,  which  are  formed  of  silk  secreted  from  the  mouth.  A  great 
variety  of  cases  or  nests  is  used  to  protect  especially  the  motionless  pupa 
stage  (see  Fig.  85).  Sometimes  the  larva  stage  is  protected  by  the  cocoon 
throughout  growth,  as  in  the  case  of  the  case-making  clothes  moth 
(Fig.  504,  b)  thebagworm  (Fig.  461),  and  the  caddice  worms.  Soil,  leaves, 
small  pebbles,  shavings  of  wood,  and  many  other  substances  are  used  to 
cover  the  body.  Or  a  special  secretion  or  excretion  may  be  poured  out 
through  the  body  wall;  as  the  waxy,  woolly  covering  of  mealybugs  and 
many  aphids.  The  social  insects  build  elaborate  nests,  like  the  paper 
globe  of  the  bald-faced  hornet,  the  earthen  mounds  of  ants,  the  soil 
pyramids  of  termites,  or  the  overwintering  nests  of  the  brown-tail  moth 
larvae. 

A  curious  method  of  protection  is  illustrated  by  the  larvae  of  the  lace- 
winged  flies  and  the  larvae  of  sweet-potato  beetles;  these  disgusting  insects 
pile  their  own  excrement  and  shed  skins  on  their  backs  for  concealment. 
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In  many  flies  the  next  to  the  last  exuvise  of  the  Larva  are  not  shed  but 
are  retained  aboul  the  body  during  the  last  larval  and  pupal  stages,  form- 
ing an  excellent  protective  case  (Fig.  85,  C).  The  elevating  threads  that 
hear  the  eggs  of  the  lace-winged  fly  (Fig.  73,  R)  illustrate  another  device 
which  is  probably  of  protective  value. 

It  is  probable  t  hat  size  may  have  protective  value  from  certain  enemies, 
extremely  small  insects  being  overlooked  by  larger  enemies  and  unusually 
large  insects  appearing  too  formidable  for  certain  of  their  smaller  enemies. 
Some  insects  have  a  very  grotesque  appearance,  which  may  well  be 
frightening  to  some  of  their  enemies.  Concealing  form  and  coloration 
(camouflaging)  is  pronounced  among  the  insects.  It  takes  two  special 
forms.  One  condition,  known  as  protective  resemblance,  is  well  illustrated 
by  walking  sticks  (Fig.  99),  which  look  so  much  like  the  twigs  among 
which  they  live  as  to  be  difficult  to  detect  except  when  they  move.  The 
other  condition  is  known  as  mimicry.  Many  butterflies,  flies,  and  other 
insects  which  are  edible  to  birds  and  toads  resemble  in  shape  or  color,  or 
both,  other  butterflies  which  are  poisonous  or  bitter  to  taste,  or  wasps 
which  have  a  sting.  It  is  believed  by  many  naturalists  that  the  palatable 
kinds  gain  a  valuable  protection  from  their  natural  enemies  by  this 
deceptive  appearance.  Such  resemblance  to  another  animal  is  known  as 
protective  mimicry.  If  the  camouflaging  or  mimicry  enables  its  possessor 
to  stalk  its  prey  or  lie  in  ambush  more  successfully,  it  is  called  aggressive 
resemblance  or  aggressive  mimicry.  Many  insects  that  have  stings  or  bad 
tastes,  so  as  to  be  distasteful  to  predators,  are  gaudily  marked,  like  the 
bright-banded  wasps.     This  is  called  warning  coloration. 

The  positions  in  which  an  insect  normally  lives  and  feeds  may  make 
other  protection  less  necessary.  Insects  which  burrow  in  the  soil,  or 
tunnel  in  trunks  of  trees,  or  live  in  fermenting  organic  material,  or  swim 
through  the  water,  or  live  on  the  skins  or  in  the  bodies  of  animals,  gain 
a  greater  or  less  degree  of  security  from  extremes  of  temperature,  exces- 
sive evaporation,  and  storms.  They  also  incidentally  gain  security  from 
a  great  many  of  the  parasites  and  predators  that  would  molest  them  if 
they  fed  in  exposed  situations. 

Some  insects  which  normally  feed  in  exposed  places  have  learned  to 
take  shelter  or  hide  at  the  approach  of  certain  enemies.  Others  depend 
upon  their  legs  or  wings  for  escape.  Running  away,  flying  away,  jump- 
ing, swimming,  or  diving  is  perhaps  the  commonest  of  all  protective 
measures.  A  few  insects  carry  away  their  young  or  eggs  when  forced  to 
retreat.  An  interesting  method  of  escape,  rather  widely  exemplified, 
is  by  insects  feigning  death  or  " playing  'possum"  when  danger  threatens, 
lycaf  beetles,  click  beetles,  measuring  worms,  sphinx  larvae,  cuckoo  wasps, 
and  many  curculios  are  examples  of  insects  that  behave  in  this  manner. 

In  contrast  to  those  just  mentioned  are  the  pugnacious  insects  thai 
stand  their  ground  or  take  the  offensive  when  danger  threatens  them  or 
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their  nests.  The  stinging;  Hymenoptent  illustrate  thifl  befit,  although 
many  kinds  pinch  or  pierce  with  the  mouth  parts  when  handled.  Others 
which  have  uo  weapons  threaten  or  show  fight,  and  doubtlefifl  succeed 
with  their  bluffing  especially  if  they  resemble  well-protected  kinds. 

Just  as  some  kinds  enjoy  a  measure  of  immunity  by  living  in  sit  uat  ions 
removed  from  the  beaten  paths  of  insect  life,  so  others,  by  using  the  less- 
crowded  periods  of  the  day,  escape  attack  from  some  enemies  though  they 
expose  themselves  to  others.  Insects  which  remain  quiet  during  the  day 
and  become  active  at  dusk  are  called  crepuscular  insects;  those  which 
confine  their  activity  to  the   darkness  of  night   are   called   nocturnal. 

Summary 

Insects,  although  very  different  structurally  from  man,  perform  the 
same  functions  or  life  processes  that  are  familiar  to  students  of  human 
physiology ;  and,  although  very  small,  their  internal  organization  is  fully  as 
complex  as  that  of  the  larger  animals.  The  most  important  differences  in 
internal  anatomy  and  physiology,  between  insects  and  men  are  the 
following : 

1.  Insects  have  no  lungs,  but  breathe  through  intricately  branching 
trachea?  that  carry  air  to  every  part  of  the  body.  They  inhale  and  exhale, 
not  through  mouth  or  nostrils,  but  through  small  holes  along  the  sides  of 
the  body  known  as  spiracles.1 

2.  The  blood  has  no  red  corpuscles  and  does  not  transmit  the  gases  of 
respiration.  The  circulatory  system  is  an  open  one;  the  principal  vessel 
or  " heart"  lying  dorsal  to  the  alimentary  canal  and  the  blood  elsewhere 
flowing  in  the  body  cavity  without  veins,  arteries,  or  capillaries.1 

3.  The  excretory  organs  (" kidneys")  of  insects,  known  as  Malpighian 
tubes,  open  into  the  front  part  of  the  hind-intestine. l  They  form  insoluble 
excretory  products,  rather  than  urine. 

4.  Insects  have  no  digestive  organs  corresponding  to  the  liver  and 
pancreas  of  higher  animals,  yet  they  are  capable  of  digesting  a  remarkable 
variety  of  substances. 

5.  A  great  variety  of  glands,  which  open  to  the  outside  of  the  body  or 
into  the  alimentary  canal,  form  secretions  of  great  importance  in  the 
metabolism,  economy,  and  ecology  of  the  insect. 

6.  The  central  nervous  system  is  a  ladder-like  or  string-like  chain  of 
ganglia  along  the  ventral  side  of  the  body,  except  one  complex  nerve 
center  in  the  head  (the  " brain")  which  is  dorsal  to  the  alimentary  canal.1 

7.  The  organs  of  vision,  although  diverse  and  conspicuous,  are  in  most 
cases  probably  not  highly  effective.  They  are  totally  different  struc- 
turally from  the  eyes  of  other  animals.  Insects  have  widely  scattered 
and  intricate  organs  for  hearing,  sometimes  on  the  abdomen,  sometimes 

1  These  characteristics  should  be  added  to  those  of  external  anatomy  cited  on  p. 
85  to  distinguish  insects  from  other  animals. 
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on  the  legs,  sometimes  associated  with  the  antennae,  but  never  as  evident 
ears  on  t  he  sides  of  ( he  head.  Organs  of  smell  and  taste  in  insects  are  not 
bo  localized  as  in  man.     Such  diffuse  chemical  detectors  are  probably  very 

import  ant  to  i  tic  lives  of  insects. 

8.  The  small  and  relatively  unintelligent  insects  are  aided  in  their 
persistence  by  a  great  variety  of  protective  structures,  forms  and  colors, 
positions  and  habits. 


CHAPTER  V 

THE  MOUTH  PARTS  OF  INSECTS 

The  most  important  way  in  which  insects  inflict  losses  and  injury 
upon  man  and  his  possessions  is  by  eating  or  feeding.  Since  insects 
feed  in  various  ways,  it  is  evident  that  a  knowledge  of  insect  mouth 
parts  is  of  prime  importance  in  the  study  of  entomology.  By  those 
interested  in  controlling  insects,  this  part  of  insect  anatomy  receives 
very  careful  consideration. 

The  Segmentation  of  the  Head 

The  head  of  an  insect  is  believed  to  be  composed  of  six  segments,  or  twice  the 
number  in  the  thorax,  although  it  looks  like  a  single  segment.  The  reasons  for  con- 
cluding this  are  that  in  the  embryonic  condition  of  certain  insects  that  have  been 
studied,  six  nerve  ganglia  and  six  pairs  of  rudimentary  appendages  can  be  recognized 
in  the  part  that  subsequently  forms  the  head.  Since  the  typical  arthropod  segment 
bears  one  ganglion  and  one  pair  of  jointed  appendages,  this  can  only  mean  that  six 
such  segments  have  fused  to  from  the  head  of  the  insect.  At  this  stage  of  develop- 
ment, the  mouth  opening  is  found  about  midlength  of  the  head  between  the  third  and 
fourth  segments.  Probably  in  the  ancestors  of  present-day  insects  these  six  segments 
were  as  distinct  as  those  of  the  abdomen  in  the  insects  living  now;  and  each  segment 
bore  a  pair  of  appendages,  all  very  much  alike  and  similar  to  the  legs. 

For  the  function  of  walking,  we  concluded  (p.  78)  that  is  an  advantage  to  have 
the  segments  distinct  and  the  appendages  thereof  wide  spread  to  form  two  tripods. 
But  for  chewing  and  ingestion  of  food  the  appendages  must  be  close  together  where 
they  can  work  against  each  other,  to  cut  off,  hold,  and  masticate  the  food.  So  the 
head  of  the  insect  (Fig.  60)  has  come  to  be  more  and  more  compact,  its  six  segments 
have  fused  together  and  almost  all  trace  of  their  conjunctivae  has  been  lost.  Its  walls 
have  become  thick  and  firm  to  serve  as  an  adequate  base  for  the  attachment  of  the 
powerful  muscles  needed  to  operate  the  mouth  parts.  In  this  way  the  skull  case 
(called  the  epicranium  in  insects)  has  been  developed.  This  strong  epicranium 
supports  the  eyes,  the  antennae,  and  the  mouth  parts.  It  encloses  the  brain,  the 
mouth  cavity  or  pharynx,  and  the  muscles  that  operate  the  mouth  parts.  In  insects, 
the  size  of  the  head  is  not  an  indication  of  the  development  of  the  brain,  but  is  cor- 
related largely  with  the  size  and  strength  of  the  jaws. 

Differences  in  the  various  appendages,  sutures,  and  sclerites  of  the  head  are  much 
used  in  determining  the  names  of  insects.  To  one  who  understands  these  parts,  they 
will  tell  almost  the  whole  story  of  the  insect's  food  habits.  So  it  is  important  to  learn 
the  names  of  the  appendages  and  sclerites  that  follow. 

The  Sclerites  of  the  Head 

The  most  evident  landmarks  on  the  wall  of  the  head  of  adult  insects  are  the  large 
compound  eyes  (Figs.  50,  65,  and  70),  described  in  Chap.  III.  In  some  insects  there 
is  an  impressed  line  or  suture  running  over  the  top  of  the  head,  between  the  compound 
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eyes  on  the  median  line,  and  forking  into  two  branches  toward  the  front,  the  whole 

tiling  being  like  the  letter  Y,  with  its  stem  toward  t  lie  thorax  and  its  arms  toward  the 
front.      This  suture  is  called   the  epicranial  suture  (Fig    59).      The  area  of  the  wall  of 

the  head  between  the  branches  of  this  suture,  or  the  equivalent  area  in  insects  where 

the  suture  cannot  he  found,  is  known  as  the  front.  It  usually  hears  the  median  one 
of  the  ocelli.  Below  the  front  are  two  other  areas  or  sclerites  typically  separated 
from  each  other  by  transverse  sutures.  The  upper  one  of  these  is  called  the  cli/peus, 
sometimes  divided  into  two  parts  (Fig.  59),  and  the  lower  one  the  upper  lip  or  lahrum 
(Fig.  62),  One  condyle  or  root  of  the  mandible  articulates  to  the  clvpeus,  while  the 
lahrum  is  hinged  along  its  entire  base  to  the  clvpeus  hut  is  otherwise  free  and  movable 
as  an  upper  lip.  The  area  bet  ween  the  compound  eyes  on  the  upper  part  of  the  head  's 
called  the  vertex.  Here  the  remaining  two  ocelli  (P'igs.  50  and  60)  are  usually  located, 
and  from  this  part  the  antennae  (Figs.  49,  59,  and  65)  arise.  The  cheeks  or  sides  of  the 
head  below  the  compound  eye  and  between  it  and  the  mandible  are  called  the  genw^ 
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Fig.  59. — Diagram  of  hypothetical  insect  head  in  dorsal  or  front  view,  showing  epicrania 
suture,  sclerites  and  appendages.      {Redrawn  from  MacGillivray.) 

The  part  of  the  head  that  abuts  against  the  thorax  is  called  the  occiput  (Fig.  60)  and 
bears  a  small  opening  in  the  skull  case  through  which  all  the  food,  as  it  is  swallowed, 
and  also  the  nerve  cords,  dorsal  blood  vessel,  and  tracheae,  pass  from  head  to  thorax. 
This  passageway  is  called  the  occipital  foramen  (see  Fig.  67,  B). 

The  compacting  and  fusion  of  the  originally  separated  segments  of  the  head  has  not 
been  strictly  in  the  direction  of  the  long  axis  of  the  body,  but  a  distorsion  has  carried 
the  foremost  segments,  with  their  appendages,  toward  the  top  of  the  head,  leaving  the 
mouth  at  the  very  front  of  the  body;  or  sometimes,  by  reason  of  an  opposite  tendency, 
the  mouth  has  been  shifted  backward  and  comes  to  occupy  a  place  at  the  lowermost 
pari  of  the  head. 

The  Appendages  of  the  Head 

The  appendages  of  the  first  one  of  the  head  segments  have  become 
replaced  by,  or  specialized  into,  the  compound  eyes  (Figs.  50,  65  and  70). 
Those  of  the  second  segment  are  the  antenna?  or  feelers,  (Fig.  49;  see  p. 
82).  The  third  pair  of  the  original  appendages  has  been  lost  but  we  have 
in  this  region  an  unpaired  sclerite  of  the  head,  developed  somewhat  like  an 
appendage,  the  lahrum  or  upper  lip  (Figs.  60  and  62).  The  appendages 
of  the  fourth  head  segment  arc  the  mandibles,  or  first  pair  of  jaws  (Figs. 
60  and  62);  those  of  the  fifth  segment  the  maxillae,  or  second  pair  of 
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jaws  (Figs.  60  and  62);  and  those  of  the  sixth  segment  the  labium  or 
lower  lip  (Figs.  60  and  62).  In  addition  to  the  above  parts,  portions  of 
the  wall  of  the  pharynx  are  sometimes  projected  outward,  or  otherwise 

so  specialized  that  they  form  an  essential  part  of  the  mouth  parts;  the 
one  from  the  dorsal  wall  (roof  of  the  mouth)  is  called  the  epipkarynx 
(Figs.  62  and  65),  the  one  from  the  ventral  wall  (floor  of  the  mouth)  is 
called  the  hypopharynx  (Figs.  62  and  65).  The  typical  arrangement  of 
these  parts  with  reference  to  the  mouth  opening  may  be  indicated  by 
the  following  diagram.     It  is  plotted  to  represent  the  arrangement  of 
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Fig.  60. — Outline  of  the  head  of  a  grasshopper  showing  sclerites  and  appendages. 
A,  as  seen  from  in  front;  B  from  the  side.  {Rearranged  from  Folsom's  "Entomology," 
Courtesy  P.  Blakiston's  Son  &  Co.) 


parts  as  the  insect  would  face  the  reader.  The  parts  that  are  printed 
in  italics  are  believed  to  be  homologous  to  the  legs  of  the  thoracic  seg- 
ments.    The  parts  written  in  parentheses  constitute  the  mouth  parts. 
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Fig.  61. — A  group  of  common  insects  that  have  chewing  mouthparte.  A,  tomato 
hornworm  (from  Conn.  Agr.  Exp.  Sta.);  B,  striped  cucumber  beetle  (from  U.  S.  D.  A.); 
C,  grasshopper  (redrawn  after  Walton,  U.  S.  D.  A.),  D,  cotton  boll  weevil  (from  U.  S.  D.  A.); 
E,  codling  moth  larva  in  injured  apple  (redrawn  after  Conn.  Agr.  Exp.  Sta.);  F,  elm  sawfly 
(from  Riley);  G,  black,  blister  beetle  (from  Conn.  Agr.  Exp.  Sta.);  H,  pear  slugs,  skeletonizing 
a  leaf  (from  Conn.  Agr.  Exp.  Sta.);  I,  potato  flea  beetle  and  characteristic  work  on  potato 
leaf  (original);  J,  Colorado  potato  beetle,  a,  adult;  b,  larva  (from  U.  S.  D.  A.):  K.  army  worm 
feeding  on  leaf  (from  U.  S.  D.  A.) 

Such  chewing  insects  are  regularly  controlled  by  spraying  or  dusting  with  a  stomach 
poison  such  as  arsenate  of  lead. 
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The  eight  parts  which  arc  collectively  called  the  mouth  pacts  vary 
extremely  in  different  insects  for  different  kinds  of  feeding.  They  are 
first  described  as  they  are  found  in  an  insect  that  chews  solid  foods,  such 
as  a  grasshopper,  cricket,  beetle,  or  caterpillar.  Insects  of  this  type  of 
mouth  parts  (Fig.  61)  inflict  losses  upon  American  agriculture  in  ex< 
of  half  a  billion  dollars  a  year. 

The  Chewing  Type  of  Mouth  Parts 

1.  The  Labrum  (Figs.  GO  and  02). — This  so-called  upper  lip  covers  the 
mandibles  from  in  front,  much  as  our  upper  lip  covers  our  teeth.  It 
helps  to  pull  food  into  the  mouth.  There  is  often  a  notch  at  the  middle 
of  the  labrum  which  is  of  service  in  holding  the  edge  of  a  leaf  in  position 
so  that  the  mandibles  can  bite  across  it  effectively.  Very  often  the  insect 
places  itself  in  such  a  position  at  the  edge  of  the  leaf  that  the  sagittal 
plane  of  its  body  (the  plane  that  divides  the  body  into  two  equal  halves) 
is  parallel  to  the  plane  of  the  leaf.  Some  insects,  however,  can  eat  directly 
into  the  face  of  a  leaf  away  from  its  margin. 

2.  The  Epipharynx  (Fig.  62). — If  we  had  only  the  chewing  insects  to 
consider,  it  would  hardly  be  worth  while  to  give  a  separate  name  to  this 
part.  But  in  some  other  types  of  mouth  parts  it  becomes  differentiated 
into  an  important  structure.  In  the  grasshoppers  and  crickets,  the 
epipharynx  is  inseparably  attached  to  the  labrum  forming  the  inner  or 
under  face  of  the  labrum;  and  is  continuous  with  the  roof  of  the  mouth 
and  thence  into  the  oesophagus.  It  is  a  sensory  area  believed  to  contain 
end-organs  of  taste. 

3.  The  Mandibles  (Figs.  60  and  62). — The  mandibles,  teeth,  or  first 
pair  of  jaws,  are,  in  chewing  insects,  the  most  important  part  of  the 
mouth  structures.  Besides  masticating  the  food,  they  are  the  structures 
that  cut  it  off  or  tear  it  off  of  the  leaf  or  other  object  on  which  the  insect 
is  feeding.  In  different  insects  they  function  to  carry  things,  to  fight 
with,  or  to  mold  wax.  In  the  chewing  insects  there  are  generally  several 
projections  or  small  teeth  on  each  mandible,  which  work  against  those  of 
the  opposite  side  and  so  make  very  efficient  grinders.  It  should  be 
noted  that  the  action  of  the  mandibles  and  maxillae  in  insects  is  trans- 
versely, or  from  side  to  side,  instead  of  longitudinally,  or  up  and  down, 
as  in  man. 

Each  mandible  is  typically  a  single,  nearly  solid  piece  of  chitin, 
roughly  shaped  like  a  pyramid  with  three  faces,  one  of  which  is  continuous 
with  the  gena  or  cheek  (see  Fig.  60,  B) .  These  heavy  teeth  articulate  to 
the  clypeus  and  the  genae.  Two  sets  of  muscles  operate  them,  one  closing 
them  against  each  other,  the  other  pulling  them  apart. 

4.  The  Maxillae  (Figs.  60  and  62). — These  are  the  second  pair  of  jaws, 
much  more  complicated  in  structure  than  the  first  pair,  but  working  from 
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side  to  side  in  a  manner  much  like  the  mandibles.  The  exact  shape 
differs  with  the  kind  of  food  and  the  manner  of  feeding,  bul  the  following 
parts  are  typically  represented.     A  central  body  of  three  or  four  sclerites, 


CLYPEUS 


EPIPHARYNX 


RIGHT  MANDIBLE 


PALPIFER 


CARDO 
STIPES 


MAXILLARY  PALP 

RIGHT  MAXILLA 


HYPPPHARYNX 

LEFT  MANDIBLE 


GALEA 


V 

LACINIA 


LABIAL  PALP    UGULA 


LEFT  MAXILLA 


MENTUM 
SUBMENTUM 


LABIUM 


Fig.  62. — The  chewing  type  of  mouth  parts  as  found  in  a  grasshopper.  The  central 
figure  is  looking  into  the  mouth  with  all  the  appendages  widespread.  The  upper  left 
shows  ectal  view  of  right  mandible;  upper  ri<mt  ental  view  of  left  mandible;  upper  center 
the  labrum  with  the  clypeus  to  which  it  attaches;  lower  left  is  octal  view  of  the  right  max- 
illa; lower  riuht,  ental  view  of  Left  maxilla;  lower  center,  ectal  view  of  labium.  The 
hypopharynx  is  shown  near  the  center  of  the  central  figure.  {Original;  drawing*  by 
Antonio  M .  Patt  mo.) 

(cardo,  stipes,  palpifer),  from  which  three  appendages  arise.  One  of  the 
appendages  is  antenna-like  in  shape,  of  from  one  to  five  or  six  segments, 
and  is  a  kind  of  sense  organ  bearing  tactile  hairs  and  probably  also  organs 


1  1  \  DESTRUCTn  E  AND  I  SEFUL  JNSECT8 

of  smell  or  taste.  Ii  is  known  as  the  maxiUary  palp  or  palpus  (Fig.  62) 
and  is  regularly  the  longer  of  the  two  pairs  <>f  pulps  found  in  chewing 
insects.  The  second  appendage,  called  the  galea,  is  very  variable  in 
form  (helmet-like  in  the  grasshopper);  and  the  third,  known  as  the 
lacinia,  is  the  tooth  part  of  the  maxilla,  modified  often  for  cutting, 
grasping  or  grinding  the  food.  The  central  body  of  the  maxilla  articu- 
lates to  the  lower  part  of  the  posterior  wall  of  the  head  (see  Fig.  60,  B) 
and  its  several  parts  are  freely  movable  by  muscles  that  run  out  from 
inside  the  wall  of  the  head. 

5.  The  Hypopharynx  (Fig.  62). — This  is  a  tongue-like  prolongation  of 
the  floor  of  the  mouth  opening,  usually  attaching  to  the  inside  wall  of  the 
labium.  It  is  of  interest  as  the  part  through  wrhich  the  salivary  glands  of 
insects  open,  these  glands  being  especially  significant  in  the  silkworm 
(see  p.  38)  as  also  in  some  disease-carrying  insects. 

6.  The  Labium1  (Figs.  60  and  62). — A  good  idea  of  the  function  of  this 
part  is  conveyed  by  its  common  name,  lower  lip.  It  stands  apposed  to 
the  upper  lip,  closing  the  mouth  below  or  behind.  It  is  the  most  compli- 
cated of  all  the  parts,  but  we  easily  analyze  its  structure  when  we  under- 
stand its  origin.  It  has  developed  from  two  maxilla-like  pieces  by  the 
two  growing  together  along  the  middle  line.  It  therefore  consists  of  a 
large  central  body,  more  or  less  produced  into  lobes  or  appendages  at  its 
free  end,  and  giving  off  at  each  side  a  short  antenna-like  appendage 
known  as  the  labial  palp  (Fig.  62) .  The  labial  palps  are  regularly  shorter 
than  the  maxillary  palps,  the  number  of  segments  varying  from  one  to 
three  or  four.  Their  function  is  similar  to  that  of  the  maxillary  palps.  In 
some  insects  care  will  be  needed  not  to  confuse  the  palps  with  antenna^, 
especially  if  the  antennae  are  concealed.  The  labium  attaches  to  the  neck 
of  the  insect  between  the  maxillse  at  the  back  part  of  the  head. 

How  Insects  Feed 

Most  of  our  serious  insect  pests  feed  in  one  of  the  following  ways: 
(a)  They  tear  or  pinch  off,  chew  up,  and  swallow,  bits  of  plant  and 
animal  tissue,  much  as  a  cow  eats  the  leaves  off  a  stalk  of  corn.     In  other 
words  they  are  "chewers,"  like  grasshoppers  and  caterpillars,  and  are 
said  to  have  chewing  mouth  parts2  (see  Fig.  61). 

1  The  student  should  notice  the  very  similar  spelling  of  the  names  for  upper  lip, 
labrum,  and  lower  lip,  labium;  the  latter  name  having  an  i  where  the  former  has  an 
r — otherwise  the  same. 

2  In  most  textbooks  these  two  general  feeding  habits  have  been  called  "biting" 
and  "sucking."  A  little  reflection  will  show  that  "biting  "  is  a  particularly  ambiguous 
term,  which  in  common  usage  conveys  exactly  the  opposite  meaning  to  that  intended 
in  the  classification  of  insect  mouth  parts.  That  is,  when  one  speaks  of  a  biting  insect 
the  average  person  thinks — not  of  a  beetle  or  a  caterpillar  chewing  up  leaves — but 
of  a  "biting"  mosquito  or  flea  or  horsefly,  whose  mouth  parts,  according  to  the  usual 
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(6)  Or  they  extract  from  beneath  the  surface  of  a  plant-  or  animal- 
body  the  body  liquids  (without  swallowing  the  tissues)  just  as  a  person 

might  insert  a  straw  into  a  piece  of  wet  sponge  and  suck  out  the  liquid  or 
into  a  cocoanut  and  suck  out  the  "milk."  In  other  words,  they  an* 
"drinkers,"  like  mosquitoes  or  aphids,  and  are  said  to  have  piercing- 
BUcking  mouth  parts1  (see  Figs.  2  and  6^). 

The  condition  of  the  mouth  parts  in  a  typical  chewing  insect  has  been 
described  in  some  detail  because  it  is  the  most  primitive  type  and  the  kind 
from  which  all  other  mouth  parts  have  been  derived.  Insects  with  chew- 
ing mouth  parts  may  generally  be  controlled  by  spraying  or  dusting  with 
a  stomach  poison. 

The  Piercing-sucking  Type  of  Mouth  Parts 

The  piercing-sucking  mouth  parts  take  the  most  valuable  liquids  in 
the  world — the  sap  of  growing  plants  and  the  blood  of  living  animals. 
In  order  to  get  this  food  they  puncture  or  pierce  the  skin  of  the  animal  or 
the  epidermis  of  the  plant,  making  a  very  tiny,  invisible  hole  with  their 
mouth  stylets  through  which  they  suck  the  sap  or  blood  from  beneath  the 
surface.  There  are  two  very  distinct  operations  involved  in  this  act — 
(a)  piercing  and  (b)  sucking — hence  we  call  these  mouth  parts  piercing- 
sucking.  The  insects  that  have  piercing-sucking  mouth  parts  include 
both  serious  animal  parasites,  such  as  many  flies,  the  fleas,  and  the 
blood-sucking  lice,  and  destructive  crop  pests,  especially  the  true  bugs  of 
the  orders  Homoptera  and  Hemiptera  (Fig.  63).  Insects  of  this  type  of 
mouth  parts  are  therefore  pests  of  importance  to  both  the  livestock  raiser 
and  the  grain  farmer  or  gardener. 

The  appearance  of  the  mouth  parts  of  this  type  is  totally  different 
from  those  described  above.  We  do  not  find  a  complex  group  of  append- 
ages surrounding  an  evident  mouth.  In  fact  it  is  sometimes  hard  to  tell 
just  where  the  mouth  opening  is,  it  is  so  small  or  well  hidden.  We  do  not 
find  hard,  toothlike  mandibles  for  grinding.  What  we  do  find  (see  Figs. 
64,  C  and  65)  is  a  long,  needle-like  beak,  slender,  cylindrical,  usually  jointed, 
which  may  point  forward,  downward,  or  backward,  but,  when  not  in  use, 
is  generally  found  laid  back  on  the  breast  between  the  front  legs.  In 
many  cases  there  are  no  palps  at  all,  in  other  subtypes  one  pair,  and  rarely 
both  pairs  are  present. 

classification,  are  not  biting  at  all  but  sucking.  Thus  the  "biting  housefly"  would 
have,  according  to  such  a  classification  "sucking;"  and  not  "hiting"  mouth  parts. 
The  term  "sucking"  is  also  objectionable  because  it  is  too  general;  as  shown  in  the 
table  at  the  end  of  this  chapter,  there  are  several,  radically  different,  kinds  of  mouth 
parts  which  are  all  "sucking"  or  suctorial  in  function.  We  therefore  urge  the  adop- 
tion of  the  term  chewing  instead  of  "hiting"  and  piercing-suck ing  instead  of  "sucking," 
for  the  two  commonest  types  of  mouth  parts. 
1  See  footnote  on  p.  1 14. 
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Fta.   63.-A  group  of  common  insects    hat  *™*™™g^££^;  ^-ingle 
aphids  or  plant  lice  clustered  on  stem  and  loaf,  about  natur* I  «£&*£       ^  ^ 

potato  aphid  in  feeding  position,  greatly  enh ^;™*  °™ '  ^Ced  over  to  expose  eggs 
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from    beneath    the   -"»^^  if 

^^^^-cT  ^-^i^6^  —  the  second  instar  nymphs; 
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In  the  true  bugs,  such  as  chinch  bugs,  bedbugs,  aphids,  and  squash 
bugs,  we  find  :i  jointed  slender  beak  of  I  hree  or  four  segments  (Pig.  64,  < '), 

inside  of  which  lie  four  ext  remely  slender,  pointed  stylets  (Figs.  64,  B,  C), 

that  Dormally  cling  together  t<>  form  whal  appears  like  a  single,  slender, 

brown  bristle.  The  jointed  beak  is  not  a  closed  cylinder  hut  is  open  down 
the  entire  front  side  and  at  the  end,  like  a  bit  of  gutter  trough.  This 
largest ,  outside  piece  is  the  labium  (Fig.  64,  C).  It  has  nothing  to  do  with 
puncturing  the  plant  or  sucking  up  the  sap.  Lying  inside  the  groove;  of 
the  labium  are  four  very  sharp,  chitinous  "stabbers"  or  " needles,"  the 
stylets,  which  do  the  work  of  piercing  the  plant  and  drawing  out  the  sap. 
These  four  pieces  are  the  two  mandibles  and  the  two  maxilloe  (Fig.  64),  all 
extremely  modified  from  their  condition  in  chewing  insects.  The  labrum 
in  this  type  (Fig.  64,  B,  C)  is  a  short  flap  that  covers  the  groove  in  the 
labium  toward  the  base  of  the  latter. 

Sometimes  the  mandibles  and  maxillae  have  little  sharp  barbs  near 
the  apex.  As  the  stylets  are  alternately  thrust  out  from  the  head  and 
pulled  back  at  a  rapid  rate,  the  barbs  catch  in  the  leaf  tissue  or  flesh  and 
help  to  sink  the  stylets  deeper  into  the  wound  at  each  thrust,  until  the 
level  of  sap  or  blood  is  reached.  Each  maxilla  is  doubly  grooved  from 
end  to  end  along  its  inner  face  (Fig.  64,  A),  and  these  concave  faces  of  the 
two  maxilla?  fit  tightly  together  to  make  two  closed  tubes  known  as  the 
food  channel,  and  the  salivary  duct.  A  mandible  fits  closely  against  each 
side  of  the  apposed  maxilla?  and  a  tongue  (Tn),  on  the  outer  face  of  each 
maxilla  locks  into  a  groove  (Gr)  on  the  inner  face  of  each  mandible  so  that 
they  can  slide  in  and  out  on  each  other.  In  this  way  the  delicate  hollow 
apparatus  is  greatly  strengthened  for  the  thrust  into  the  tissues. 

When  the  stylets  have  reached  the  sap  beneath  the  epidermis  of  leaf 
or  bark,  or  the  blood,  in  blood-sucking  forms,  it  is  sucked  up  through  the 
microscopic  tube  called  the  food  channel  (Fig.  64,  A)  by  expansion  of  the 
walls  of  the  pharynx  inside  the  head  (Fig.  64,  B).  The  labium  shortens 
up  or  bends  back  out  of  the  way  and  does  not  enter  the  plant  tissues  or 
flesh.  There  may  be  sensory  hairs  at  the  end  of  the  labium  that  serve  to 
sample  the  food  and  select  the  spot  for  feeding,  and  this  part  may  also  be 
used  as  a  kind  of  fulcrum  to  steady  the  head  and  the  stylets  while  they  are 
piercing.  However,  its  chief  function  appears  to  be  to  act  as  a  kind  of 
scabbard  for  the  four-part  dagger  that  we  call  the  stylets. 

Any  insect  having  mouth  parts  of  this  nature  is  open  to  suspicion  as  a 
serious  enemy  of  crops  or  animals.     If  leaves  show  minute  pale  or  brown 


r,  a  group  of  scales  from  the  side,  one  of  them  lifted  to  show  the  body  of  the  female  insect 
[from  Quaintance,  U.  S.  D.  A.);G,  harlequin  cabbage  bug,  enlarged  {from  U.  S.  D.  A.);  II. 
chinch    bug,    enlarged    (from   S.    Dak.    Ayr.    Exp.    Sta.);    I,  tarnished  plant  hug.  enlarged 

///    U.    S.    D.    A.);   J,    grape   leafhopper,    enlarged    {from    U.    S.    D.    A.);   K.  squash  hug, 
enlarged  (front  Itm-a  Agr.  Exp.  sin.). 

Such  piercing-sucking  insects  cannot  he  Controlled  by  Spraying  or  dusting  with  stomach 

poisons;  hut  many  of  them  can  be  destroyed  by  applying  contact  insecticides  to  their  bodies. 
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spots,   or   arc   curled    or  wilted    (sec    Fig.  2,  p.  6),  this   kind   of  an  insect 

should  be  sought  as  fche  probable  cause.     Many  piercing  insects  f<-<d  on 
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Fig.  64. — The  piercing-sucking  type  of  mouth  parts  as  found  in  the  squash  bug  and 
cicada.  A,  cross-section  and  isometric  projection  of  the  stylets  as  described  by  Tower, 
greatly  magnified  (original);  B,  sagittal  section  of  the  head  of  the  periodical  cicada  showing 
the  relation  of  the  stylets  to  the  mouth  opening,  the  sucking  pharynx,  the  salivary  glands, 
duct  and  pump,  etc.,  much  enlarged  (redrawn  after  Snodgtass,  Proc.  Entom.  Soc.  Wash.) ; 
C,  front  or  dorsal  view  of  head  and  mouth  parts  of  a  dog-day  cicada,  much  enlarged  (original). 


other  insects  in  a  manner  helpful  to  us,  but  as  a  group  they  are  pre- 
dominately destructive. 
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()nt.  important  principle  should  be  fi*ed  in  mind  at  this  point.  No 
insect  with  piercing-sucking  mouth  parts  can  be  kiUed  by  applying  a  stomach 
poison,  like  arsenate  of  lead  or  Pans  green  to  the  plant  on  which  it  is  feeding. 
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Fig.  65.— Piercmg-sucking  mouth  parts  as  found  in  a  female  mosquito;  common 
biting-fly  subtype.  A,  front  or  dorsal  view  of  head  and  mouth  parts  with  the  stylets  spread 
OUt  Of  the  Labium  and  their  tips  more  enlarged  below.  B,  cross-sort u,n  and  isometm 
projection  of  the  style*  as  described  by  Howard,  Dyar,  and  Knab.  Much  enlarged. 
{Original;  drawing  by  Antonio  M.  I'at^rno.) 

These    insects   cannot    take    up   solid    particles   as   food,    and    the    minute 

Btyleta  may  penetrate  through  a  coating  of  arsenate  of  lead  on  Leal  or 

fruit  and  gel  none  of  it ;  since  t  hey  do  not  suck  up  anything  off  of  the  outer 
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Burface.  The  only  way  we  could  kill  piercing-sucking  insects  with  a 
stomach  poison  as  bhey  are  feeding  on  plants  would  be  to  poison  the  sap 
of  the  plant.  Experiments  have  been  tried  along  that  line,  but  so  far 
there  is  no  material  known  thai  can  be  inserted  into  the  trunk  of  the  tree 
and  plugged  up,  that  will  kill  the  insects  feeding  on  leaves  and  twigs, 
without  injuring  the  tree. 
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Fig.  66. — Piercing-sucking  mouth  parts  as  found  in  the  stable  fly;  special  biting-fly 
subtype.  A,  cross-section  and  isometric  projection  of  the  stylets  to  show  the  food 
channel  and  salivary  duct.  B,  front  or  dorsal  view  of  the  head  and  mouth  parts  with 
the  stylets  spread  out  from  the  labium.  C,  the  labella  more  magnified  to  show  the  pre- 
stomal  teeth,  which  are  cutting  organs,  according  to  Patton  and  Cragg.  Much  enlarged. 
(Original;  drawings  by  Antonio  M.  Patcrno.) 


Varieties  of  Piercing-sucking  Mouth  Parts 

Besides  the  piercing-sucking  mouth  parts  of  the  true  bugs,  there  are  several 
variations  of  the  same  functional  type,  especially  among  the  blood-sucking  insects. 
Those  are  spoken  of  as  subtypes  and  their  chief  structural  features  are  indicated 
in  the  table  of  mouth  parts  below.  For  example,  in  the  piercing  apparatus  of  the 
mosquito  (Fig.  65),  we  note  that  there  are  six  stylets  instead  of  four,  the  labrwn- 
epipharynx  and   the  hypo  pharynx  being  long  and  slender  like  the  mandibles  and  the 
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maxilla.  We  find  also  a  pair  of  i ».-i  1 1 >s  (entirely  wanting  in  the  bugs),  which  are  the 
maxillary  palps.  The  food  channel  I  Fig.  65,  B)  is  formed  chiefly  by  the  Labrum-epi- 
pharynx, which  is  the  heaviest  of  the  six  stylets.  The  groove  along  its  lower  or  pos- 
terior face  is  dosed  by  i lie  hypopharynx.  The  hypopha I'.vnx  carries  throughout  its 
entire  lengthy  in  the  salivary  duct,  the  saliva  that  causes  the  irritation  when  a  mosquito 
lutes  and  t  he  malarial  organism  from  an  infected  mosjquito  to  I  he  blood  si  ream  of  man, 
The  labium  is  not  jointed  except  for  the  different i:it ion  of  a  pair  of  oral  lobes  or  labella 
(Fig.  66   a1  its  tip. 

Among  the  flies  of  the  house-fly  family  are  some  species,  such  as  the  stable  fly, 
thai  bite,  although  ihe  house  fly  never  does.  These  have  mouth  parts  of  the  type 
illustrated  (special  biting-fly  subtype),  in  Fig.  66.     The  labium,  the  labella,  the  labrum- 
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Fig.  67. — Piercing-sucking  mouth  parts  as  found  in  a  flea.  A,  head  and  mouthparts  in 
side  view.  Note  the  antenna  nearly  concealed  in  a  groove  in  the  side  of  the  head,  the 
small  eye,  the  ctenidia  or  comb  of  heavy  spines,  and  the  way  the  labial  palps  shield  the 
stylets.  B,  caudal  view  of  head  and  mouth  parts  of  a  flea,  the  head  having  been  removed 
from  the  thorax.  C,  cross-section  of  mandibles  and  labrum-epipharynx,  as  described  by 
Pat  ton  and  Cragg,  to  show  how  the  food  channel  and  salivary  groove  are  formed.  All 
much  enlarged.      {Original;  drawings  by  Antonio  M .  Paterno.) 


r pi pharynx,  the  hypopharynx,  and  the  maxillary  palps  are  much  like  those  of  the  mos- 
quito. But  the  mandibles  and  maxilla;  are  entirely  wanting,  there  being  therefore 
only  two  stylets.  Patton  and  Cragg1  state  that  piercing  by  these  insects  is  accom- 
plished by  the  rapid  protraction  and  retraction  of  the  labella,  which  bear  sharp  teeth 
on  their  inner  faces  (Fig.  G6,  C);  and  that  the  labium  as  well  as  the  stylets  follows 
these  teeth  into  the  flesh.  The  food  channel  is  formed  by  the  labrum-epipharynx 
and  hypopharynx  and  the  salivary  duct  traverses  the  hypopharynx  (Fig.  66  A). 

The  mouth  parts  of  the  fleas  show  another  variation  in  the  combination  of  stylets 
that  are  used  for  piercing  and  sucking  ( Fig.  67).  There  are  three  stylets:  the  labrum- 
epipharynx  and  the  two  mandibles.  The  mandibles  have  toothed  edges  and  are  tin' 
chief  cutting  organs.  The  labrum-epipharynx  is  grooved  on  its  ventral  or  posterior 
face,  much  as  in  the  stable  fly  (  Fig.  ii7.  ( ';  compare  Fig.  66,  .1  i.     In  order  to  make  this 

1  Patton  and  Cragg,  "A  Textbook  of  Medical  Entomology"  Christian  Literature 

Society  for  India,  London.    L913. 
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groove  or  food  channel  tight  enough  to  suck  up  blood,  the  slit  is  probably  closed  b\  tin- 
apposition  of  the  edges  of  the  mandibles.  Each  mandible  has  in  its  posterior  edge  a 
tiny  groove  (Fig.  67,  C);  these  two  grooves  when  pressed  together,  form  a  second  tube, 

the  salivary  groove,  to  carry  the  saliva  to  the  tips  of  the  stylets.  The  maxilla  do  not 
enter  the  wound,  but  are  broad  flaps,  s.nd  to  serve  as  levers  or  fulcra  to  steady  the 
head  during  the  piercing  and  sucking  operations.      They   have  B    pair  of  prominent 

maxillary  palps.  The  labium  suggests  somewhat  the  condition  in  chewing  insect-. 
consisting  of  a  basal  piece  called  the  merit  am  and  two,  slender,  jointed  pieces  called 
the  labial  palps.  These  palps  are  concave  on  their  sides  which  are  next  to  the 
stylets,  and  the  two  together  form  a  protective  sheathe  for  the  mandibles  and 
labrum-epipharynx. 
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f  /    Dilator  muscles  of  pharynx  /      Salivary  duct" 
If  \  \ --  -^ U^=^  /    Oesophagus 


Dorsal  stylet  with  siylef 

salivary  duct  beneath 


■  )i      Muscles  that  retract 
If         the  sty  let  sac 
Left  forks  of  sty  lets 


Fig.  68. — Piercing-sucking  mouth  parts  as  found  in  the  human  body  louse.  Note  the 
stylet  sac  lying  beneath  the  pharynx  in  which  are  two  prominent  stylets.  In  order  to  feed, 
the  stylets  are  thrust  through  the  mouth  opening  and  forced  into  the  flesh  and  the  blood 
as  drawn  is  sucked  up  through  the  pharyngeal  sucking  tube.  (Redrawn  after  Imms  and 
Peacock.) 


The  piercing-sucking  organs  of  the  blood-sucking  lice  are  anomalous  and  the 
homologies  of  the  parts  are  not  clear.  According  to  Tillyard,1  mandibles,  maxillae, 
and  both  pairs  of  palps  are  wanting.  There  is  no  external  evidence  of  the  mouth 
parts  except  a  few  teeth  around  the  mouth  opening  (Fig.  68).  When  not  in  use,  the 
piercing  structures  are  entirely  withdrawn  into  a  sac,  the  stylet  sac,  that  branches  off 
from  the  pharynx  near  the  front  of  the  head  and  ends  blindly  beneath  the  oesophagus 
near  the  back  of  the  head.  At  the  caudal  end  of  this  sac  are  attached  two  slender 
stylets  (dorsal  and  ventral  stylets)  that  extend  nearly  to  the  mouth  opening  and  termi- 
nate inside  a  sac  tube.  These  are  said  to  be  developed  from  the  hypopharynx.  Each 
stylet  forks  at  its  caudal  end,  and  the  salivary  duct  is  closely  associated  with  the  dorsal 
stylet.  When  the  louse  is  ready  to  feed,  the  protractor  muscles  force  the  stylets  out 
of  the  mouth  and  into  the  flesh.  As  the  blood  exudes,  it  is  drawn  up  through  the 
pharyngeal  sucking  tube  and  into  the  pharynx  by  the  action  of  the  dilator  muscles  of 
the  pharynx.     The  saliva  possibly  serves  to  prevent  coagulation  of  the  blood.2 


1  Tillyahd,  "Insects  of  Australia  and  New  Zealand,"  Angus  &  Robertson,  Ltd., 
Sydney,  1926. 

2  See  Peacock,  "Parasitology"  Vol.  2,  pp.  98-117,  November,  1918. 
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While  the  chewing  and  piercing  types  of  mouth  parts  arc  the  com- 
monest and  most  important,  there  are  a  number  of  other  types  found 
in  insects,  as  indicated  in  the  following  table,  which  is  a  summary  of 
this  chapter. 

A.  The  Chewing  Type  (Fig.  02). — Generalized  mouth  parts  (consist- 
ing of  eight  named  parts  surrounding  an  evident  mouth  opening),  the 
essential  features  of  which  are  two  pairs  of  tooth-like  jaws,  the  mandibles 
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Fig.  69. — Rasping-sucking  type  of  mouth  parts  as  found  in  flower  thrips.  View  of 
the  head  from  in  front  with  only  the  bases  of  the  antenna?  shown.  The  chitinous  band 
serves  to  connect  the  mouth  parts  to  the  front.  It  also  sends  a  branch  to  the  left  eye  while 
the  one  to  the  right  eye  is  a  triangular  rudiment.  Note  the  two  pairs  of  palps,  the  three  or 
four  stylets,  and  the  cone  formed  by  labrum,  maxillae  and  labium  for  sucking  up  the  sap. 
{Redrawn  after  Borden.  Jour.  Econ.  Entom.,  June,  1915.) 


and  maxillae,  fitted  to  work  transversely  (and  used  for  tearing  off  and 
masticating  food,  or  for  carrying  things,  for  righting,  etc.),  and  an  upper 
and  a  lower  lip.  A  further  characteristic  is  the  presence  of  two  pairs  of 
jointed  palps. 

This  is  the  commonest  type  of  mouth  parts;  found  in  the  silverfish, 
grasshoppers,  crickets,  earwigs,  termites,  book  lice,  chewing  lice,  beetles, 
weevils,  some  Hymenoptera,  and  many  insect  larva?,  especially  grubs 
and  caterpillars,  besides  many  others  of  little  importance  to  man. 

B.  The  Rasping-sucking  Type  (Fig.  69). — Mouth  parts  which  are 
somewhat    intermediate  in  structure  between  the  piercing-sucking    type 
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and  fche  chewing  type,  bu1  are  rasping  and  sucking  In  their  ad  ion,  serving 
to  lacerate  the  epidermis  of  plants  and  suck  up  the  exuding  sap.  The 
righl  inaudible  is  reduced,  making  the  head  and  the  mouth  parts  some- 
what asymmetrical.     The  left  mandible,  the  maxillae,  and,  according  to 

Borden,1  the  hypopharynx,  are  elongate,  suggesting  the  stylets  of  the 
piercing  type  and  adapted  to  move  in  and  out  through  a  circular  opening 
at  the  apex  of  the  cone-shaped  head.  The  stylets  apparently  do  not 
form  a  food  channel  nor  enter  deeply  into  the  wound;  and  the  sap  as  it 
exudes  on  the  surface  is  sucked  up  by  the  cone-shaped  mouth  rather 
than  by  the  stylets.  Both  pairs  of  palps  are  present.  Found  in  the 
thrips. 

C.  The  Piercing-sucking  Type. — Specialized  mouth  parts  character- 
ized by  a  tubular,  usually  jointed,  beak,  enclosing  several  needle-like 
stylets.  The  outer  tube  is  formed  by  the  labium,  which  is  simply  a 
protective  structure  for  the  other  parts  and  has  nothing  to  do  with 
piercing  the  tissues  or  drawing  up  the  liquid  food.  The  mandibles  and 
maxilla?,  sometimes  supplemented  by  or  replaced  by  the  labrum-epi- 
pharynx  and  hypopharynx,  are  greatly  elongated  and  slender  structures, 
which  serve  for  piercing  the  skin  of  an  animal  or  the  epidermis  of  a 
plant,  and  also  as  the  food  channel,  i.e.,  an  inner  tube  up  which  the 
liquid  blood  or  sap  is  drawn. 

There  are  several  structural  variations  of  this  type,  of  which  the 
following  must  be  noted: 

I.  The  Bug  or  Hemipterous  Subtype  (Fig.  64). — No  palps.  Four  stylets,  two  man- 
dibles and  two  maxittce,  the  latter  partly  fused.  Food  channel  and  salivary  duct 
formed  by  the  maxillae.  Examples:  chinch  hug,  aphids,  scale  insects  and  bed- 
bug. 
II.  The  Louse  or  Anoplurous  Subtype  (Fig.  G8). — No  palps.  Two  prominent  "stab- 
bers"  or  stylets,  and  some  associated  structures.  The  proper  names  and  homol- 
ogies are  not  well  understood,  but,  according  to  Tillyard,  I.e.,  the  stylets  are 
outgrowths  of  the  hypopharynx.  This  type  differs  from  all  other  insect  mouth 
parts  in  that,  when  not  in  use,  all  the  parts  are  entirely  withdrawn  into  a  long, 
slender  pocket  in  the  head  beneath  the  pharynx.  Examples:  human  lice  or 
"cooties,"  hog  lice,  and  other  blood-sucking  lice. 

III.  The  Common  Biting-fly  or  Dipterous  Subtype  (Fig.  65). — Maxillary  palps  present. 
Six  stylets;  two  mandibles,  two  maxilla?,  the  labrum-epi pharynx  and  the  hypo- 
pharynx, the  last  two  parts  forming  the  food  channel,  and  the  hypopharynx 
surrounding  the  salivary  duct.  Examples:  mosquitoes,  horseflies,  black  flies, 
and  "no-see-ums." 

IV.  The  Special  Biting-fly  or  Muscid  Subtype  (Fig.  66). — So  far  as  structure  is  con- 
cerned, derived,  according  to  Patton  and  Cragg,  I.e.,  from  the  sponging  type 
(see  below)  by  the  reduction  in  size  of  the  labella  and  the  attenuation  and  chitini- 
zation  of  the  labium,  which  in  this  subtype  is  rigid  and  not  retractile.  The 
labella  are  provided  with  cutting  teeth  and  this  type  differs  functionally  from  all 
other  piercing  insects  in  that  the  labium,  itself,  enters  the  puncture  (Patton  and 
Cragg).     The  labrum-epi  pharynx  and  hypopharynx  are  similar  to  those  of  the 

1  Jour,  of  Econ.  Entomol.,  Vol.  8,  p.  354,  June,  1915. 
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sponging  type,  together  forming  the  food  channel]  the  mandibles  are  wanting 
:md  the  maxillae  represented  only  l>\  a  pair  of  palps.     This  type  is  exemplified 

by  the  blood-sucking  species  of  the  order  l)i/>tcra,  family  Mi'.cii/ii,  such  as  the 
stable  fly,  horn  fly,  and  tsetse  fly. 
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Fio.  70. — Sponging  mouth  parts  as  found  in  the  house  fly.  A,  dorsal  or  front  view  of 
head  and  mouth  parts  with  the  proboscis  extended  and  the  stylets  spread  out  from  the 
labial  gutter.  Note  the  pseudotrachea?  and  sensory  hairs  on  the  labella.  Much  enlarged 
(original  draiving  by  Antonio  M.  Patcrno).  B,  diagrammatic  cross-section  of  the  proboscis 
to  show  composition  of  food  channel,  salivary  duct,  and  labial  gutter.  C,  details  of  a 
single  pseudotrachea,  greatly  magnified.  In  the  upper  part  of  the  figure  a  surface  view  of 
the  pseudotrachea  shows  the  superficial  slit  and  interbifid  spaces  through  which  liquid 
foods  enter  the  pseudotrachea,  and  on  the  left  two  interbifid  grooves  leading  to  the  inter- 
bifid spaces.  On  the  right  the  chitinous  rings  are  shown  as  seen  by  transmitted  light.  At 
B  the  integument  of  the  oral  surface  of  the  labellum  has  been  removed  to  expose  the 
membrane  that  lines  the  interior  of  a  pseudotrachea  and  stretches  between  the  chitinous 
rin^s  with  their  alternate  bifid  and  flattened  extremities.  A  is  the  integument  of  the  oral 
surface  of  the  labellum;  B  is  the  membrane  lining  the  interior  of  the  tube.  At  the  center 
arc  represented  three  consecutive  chitinous  rings  to  show  how  their  bifid  and  flattened 
extremities  alternate  on  each  side  of  the  superficial  slit.  In  the  lowest  pari  of  the  figure  is 
represented  a  transverse  section  of  a  part  of  the  oral  surface  of  the  labellum,  cutting  across 
B  single  pseudotrachea.  Greatly  magnified.  (B  and  C  redrawn  after  Graham-Smith  and 
Hewitt.) 


The  Flea  or  Siphonapterous  Subtype  (Fig.  67).  —  Maxillary  palps  present.     Only 
three    stylets     (two    iikiikI  ihlts    and     the    labrU  m-<  j>i  /ifmri/n.r  I    enter    the    wound. 

The  maxillae  arc  triangular  plates  that  serve  as  levers  while  biting.     The  labium 
bears  two,  segmented  parts,  which  are  probably  the  labial  palps.     This  type  of 

mouth  parts  is  found  in  the  fleas. 
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D.  The  Sponging  Type  (Fig.  70). — This  type  of  mouth  parte  il  well 
illustrated  by  the  condition  in  the  common  house  fly.  We  find  on  tin- 
lower  side  of  the  head  a  fleshy,  elbowed  and  retractile  proboscis,  which 
is  the  labium.  The  end  of  the  labium  is  specialized  into  a  large  spongelike 
organ,  the  lobelia  (Fig.  70,  A).  The  labella  are  traversed  by  a  series  of 
furrows  or  channels,  narrowly  open  all  along  the  exposed  edge,  the 
pseudotrachece  (Fig.  70,  C).  These  insects  feed  on  exposed  liquids,  such 
as  nectar  or  sap;  or  by  dissolving  solid  substances,  such  as  sugar,  in 
their  saliva.  When  the  labella  are  appressed  to  such  liquids,  the  pseudo- 
tracheae  fill  with  the  liquid  by  capillary  attraction.  These  little  channels 
all  converge  at  one  point  on  the  labella  and  from  this  point  the  liquid 
food  is  drawn  up  through  the  food  channel  into  the  oesophagus.  The 
food  channel  is  formed  by  the  labrum-epipharynx  and  the  hypopharynx 
as  in  other  flies  (Fig.  70,  B).  These  are  the  only  two  stylets  present 
and  in  this  type  they  are  entirely  incapable  of  piercing  the  skin.  The 
mandibles  are  wanting  and  the  maxillae  are  represented  by  only  a  pair 
of  maxillary  palps. 

This  type  is  found  in  the  house  fly  and  other  non-blood-sucking 
Muscidae,  in  the  Syrphidae,  and  in  many  other  of  the  Diptera. 

E.  The  Siphoning  Type  (Fig.  71). — This  is  a  very  much  specialized 
type,  in  which  the  labrum  and  mandibles  are  usually  entirely  wanting. 
The  labium  is  represented  only  by  the  labial  palps.  The  essential 
working  parts  are  formed  by  the  maxilla?,  parts  of  which,  the  galeae,  are 
greatly  elongated  and  joined  to  form  a  slender  hollow  tube  which  is 
coiled  up  under  the  head  like  a  watch  spring  when  not  in  use.  This 
proboscis  is  not  capable  of  piercing  the  skin  of  an  animal  or  the  epidermis 
of  a  leaf  or  fruit,  except  in  rare  instances.  Feeding  is  accomplished  by 
uncoiling  this  tube  and  projecting  the  tip  of  it  into  some  exposed  liquid 
(commonly  the  nectar  in  the  nectary  of  a  flower)  and  then  sucking  the 
liquid  up  through  the  food  channel  (Fig.  71,  B),  which  runs  full  length 
through  the  proboscis. 

This  type  of  mouth  parts  is  found  in  practically  all  adult  moths 
and  butterflies,  the  order  Lepidoptera . 

F.  The  Chewing-lapping  Type  (Fig.  72). — This  type,  which  is  so 
well  illustrated  by  the  honeybee  or  bumblebees,  is  a  kind  of  combination 
type  in  which  the  labrum  and  mandibles  are  of  the  same  structure  as  in 
the  chewing  type,  but  the  maxillae  and  the  labium  are  elongated,  forming 
a  sort  of  lapping  tongue  (Fig.  72,  Gls).  Both  pairs  of  palps  are  present, 
the  labial  palps  long  and  conspicuous  (LbPlp),  but  the  maxillary  palps 
very  small  (MxPlp).  According  to  Snodgrass,  a  temporary  food  channel 
is  formed  by  the  concave  inner  surfaces  of  the  galeae,  roofing  over  the 
glossa*  and  fitting  snugly  lengthwise  against  the  labial  palps,  which  in 
turn  lie  tightly  against  the  sides  of  the  glossae.  Through  such  a  com- 
plexly formed  tube  ("held,  like  a  straw  in  one's  mouth,  by  the  mandibles 
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grasping  the  bases  of  the  galeae  while  the  epipharynx  plugs  the  gap 
where  the  ends  of  the  gales  diverge  toward  the  head")  a  drop  of  honey 
may  be  Bucked  up. 

According   to    George    E.    K i n^z;,    in    securing    nectar   from    the    open 
nectaries  of  flowers,  the  bee  thrusts  out  the  glossse  or  tongue  and  licks 


Antennae 
Compound  eye 
Thorax     ,  ,  \ 

/  v.„ 


Proboscis  orsucking  iube 
K  (qaleae  ofmaxif/otej 

J  \  Food  channel 

I  \  / 


B 

Fig.  71.- — Siphoning  type  of  mouth  parts  as  found  in  a  moth  or  butterfly.  A,  side  view 
of  the  head  with  the  proboscis  partly  coiled.  Note  the  labial  palps  which  are  so  covered 
with  hairs  that  the  segmentation  cannot  be  distinguished.  B,  cross-section  of  the  proboscis 
to  Bhow  how  the  right   and  left  galeae  lock  together  to  form  the  food  channel.      Highly 

magnified.      (Redrawn  after  Comstork.) 

the  nectar  with  the  tip  of  it.  The  glossse,  thus  smeared  with  nectar,  are 
retracted  between  the  labial  palps  and  galeae,  and  the  nectar  is  squeezed 
off  the  tongue  by  the  galea)  and  deposited  so  as  to  accumulate  in  the 
small  cavity  formed  by  the  paraglossse  at  the  base  of  the  glossae.  Then 
by  the  bending  of  the  labium  upward  near  midlength  the  base  of  the 
glossa?  is  brought  into  close  apposition  to  the  mouth  opening  and  the 
accumulated  nectar  passes  into  the  pharynx.  The  nectar  thus  gathered 
serves  as  food  for  the  beea  and  the  surplus  is  stored  as  honey. 
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Fig.  72. — Chewing-lapping  typo  of  mouth  parts  as  found  in  the  honeybee.  A,  tip  of 
tongue  (glossae  of  labium),  under  or  posterior  view,  showing  labellum  (Lbl),  ventral  groove 
(K)  and  guard  hairs  (Hr).  Greatly  magnified.  B,  the  same  from  above  or  anterior  view. 
C,  a  section  of  the  glossal  rod  from  inside  the  tongue  (compare  E),  still  more  magnified  to 
show  the  inner  channel  (/)  guarded  by  rows  of  hairs;  part  of  glossal  walls  and  long  hairs  of 
tongue  omitted.  D,  the  entire  maxilla?  and  labium  in  ventral  or  posterior  view.  The 
following  are  parts  of  the  maxillae:  Cd,  cardo;  Ga,  galea;  MxPlp,  right  maxillary  palp; 
St,  stipes.  The  following  are  parts  of  the  labium:  k,  ventral  groove  in  glossae,  Gls;  Lbl, 
labellum;  LbPlp,  labial  palps;  Lr,  lorum;  Mt,  men  turn;  Pgl,  paraglossa;  Pig,  palpiger; 
Smt,  submentum.  E,  cross-section  of  the  tongue  (glossae)  showing  the  inner  channel  (I) 
of  the  glossal  rod  (r)  and  the  ventral  channel  (Lum)  which  communicates  with  the  outside 
through  the  ventral  groove.  F  distal  end  of  mentum  (Mt),  dorsal  side,  with  bases  of  palps 
(LbPlp)  and  glossa  (Gls)  showing  opening  of  salivary  duct  (SalDO)  at  root  of  glossa,  and 
paraglossae  (Pgl)  embracing  the  base  of  the  latter.  G,  lateral  view  of  proboscis,  showing 
parts  on  left  side  somewhat  separated.  H,  lateral  view  of  glossa  with  glossal  rod  (r)  torn 
from  its  base,  showing  flexible  attachment  of  rod  to  small  plate  (o)  at  end  of  ventral  surface 
of  mentum  (D,  o),  and  insertion  of  retractor  muscles  (2RMcl)  on  base  of  rod.  n,  basal 
hooks  of  glossa.      (From  Snodgrass,  Anatomy  of  the  Honeybee.) 
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The  inner  channel  (/)  or  the  ventral  channel  (Lum)  of  the  gloss®,  or 
both,  may  serve  as  a  salivary  groove  to  conduct  saliva  to  the  tip  of  the 

tongue,  where  il  may  l>e  used  lo  dissolve  solids  such  as  sugar,  preparatory 

to  swallowing.     The  mandibles  are  used  for  carrying  things,  and  in  the 
honeybee  for  molding  wax  into  cells. 

This  type  of  mouth  parts  is  found  in  some  species  only,  of  the  order 
1 1  vmenoptera,  which  includes  the  bees,  wasps,  and  ants. 


CHAPTER  VI 
DEVELOPMENT  AND  METAMORPHOSIS 

That  "truth  is  stranger  than  fiction"  is  well  illustrated  by  the  life 
cycles  of  insects.  No  one  could  possibly  predict  the  life  cycle  of  even 
the  most  humdrum  bug  with  half  of  its  manifold  interrelations. 

Where  can  one  find  a  human  biography  as  romantic  as  that  of  the 
"seventeen-year  locust"  or  periodical  cicada?  Thrust  as  eggs  into  the 
splintered  bark  of  an  orchard  tree  or  forest  tree  (Fig.  5,  A),  these  insects, 
immediately  upon  hatching  from  the  egg,  drop  from  a  dizzy  height  to 
the  ground.  There  they  burrow  deep  into  the  soil  beneath  the  tree, 
construct  a  cave  about  some  bit  of  root  and  enter  upon  the  lives  of 
hermits,  withdrawn  from  the  air  and  sunshine  in  which  their  lives  began, 
and  completely  isolated  from  others  of  their  kind.  In  this  condition 
(Fig.  77,  J)  they  live  and  grow  for  nearly  seventeen  years,  and  then 
again,  as  though  to  make  up  for  their  long  period  of  self-denial,  Comstock 
says,  they 

"...  crawl  up  to  the  surface  of  the  ground,  like  renegade  monks;  and,  leaving 
their  nymphlike  skins  clinging  to  the  tree  trunks  like  cast-off  garments  of  penance, 
they  come  forth,  broad-headed,  broad-bodied,  clear-winged  creatures,  (Fig.  346) 
well  fitted  to  get  all  the  experience  possible  out  of  a  world  whose  frivolities  they 
have  so  long  scorned.  But,  like  other  creatures,  they  find  a  life  of  dissipa- 
tion very  exhausting,  and  after  a  few  weeks  they  sing  their  last  song,  lay  their 
eggs,  and  pass  away." 

By  the  life  history  or  life  cycle  of  an  insect  we  mean  the  record  of  all 
that  the  insect  habitually  does  and  all  the  changes  in  form  that  it  under- 
goes from  the  beginning  of  its  life  until  its  death,  including  the  situations 
where  each  life  stage  and  every  season  is  spent  and  the  length  of  time 
occupied  by  each  stage. 

Where  Insects  Come  From,  How  They  Grow  and  Develop  and 
Provide  for  Succeeding  Generations 

Insects,  like  all  other  animals,  begin  life  from  a  single  cell  known  as 
the  egg  (Fig.  73).  They  do  not  appear  spontaneously,  or  spring  up  out 
of  nothing,  as  people  sometimes  suppose,  but  come  from  eggs  previously 
hidden  about  us  by  insects  of  the  same  kind.  Only  occasionally  do 
swarms  of  insects  invade  a  locality  from  some  distant  point.  It  is 
probably  safe  to  say  that  nine-tenths  of  the  insect  troubles  of  a  given 
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farm  come  from  eggs  laid  00  thai  farm.      Bach  farmer,  or  certainly  each 

community,  raises  its  own  insect  pests,  with  very  few  exceptions.     It  is 

part   of  the  function  of  entomology  to  teach  us  to  recognize  insect   out- 
breaks in  their  incipiency,  and  the  stages  of  pests  which  arc  harmless, 

as  well  as  those  that  do  damage. 

Before  development  can  begin,  it  is  usually  necessary  that  the  insect 
egg  be  fertilized  by  union  with  a  sperm  from  the  male  insect  (see  p.  101). 
Hut  many  cases  have  been  found  among  insects  in  which  fertilization 
is  not  necessary,  the  female  insect  producing  living,  normal  young 
without  the  necessity  of  mating.  In  other  cases,  a  part  of  the  eggs 
develop  normally  without  being  fertilized.  This  is  known  as  partheno- 
genesis. In  the  honeybee  the  fertilized  eggs  generally  produce  "workers" 
or  " queens"  (that  is,  females),  the  unfertilized  eggs  invariably  producing 
males  or  "drones."  In  aphids,  all  summer  generations  are  exclusively 
females  developed  from  unfertilized  eggs,  males  appearing  only  in  the 
fall  and  fertilizing  only  the  overwintering  eggs.  In  a  considerable 
number  of  species,  no  males  have  been  found,  or  in  certain  generations 
no  males  are  produced.  For  example,  98  successive  generations  of 
aphids  have  been  produced  under  observation  without  a  single  fertiliza- 
tion. Other  things  being  equal,  a  parthenogenetic  species  is  likely  to 
be  a  worse  pest  than  one  in  which  mating  is  necessary;  because  the 
hazard  of  not  finding  a  mate  is  removed  and  successful  reproduction  is 
that  much  more  sure.  In  spite  of  these  exceptions,  the  normal  thing 
among  insects  is  for  fertilization  to  occur. 

Eggs  and  sperms  are  living  cells  highly  specialized  for  the  particular 
function  of  generating  complete  new  individuals,  just  as  nerve  cells  are 
highly  specialized  for  sensation  and  conduction,  or  muscle  cells  for  con- 
tractility. In  order  that  we  may  understand  the  specialization  that  these 
particular  cells  undergo,  and  their  subsequent  history,  we  should  examine 
the  essential  parts  of  the  insect  egg  and  sperm. 

The  Egg. — The  eggs  of  insects  (Fig.  73)  are  not  as  varied  in  size, 
shape  and  appearance  as  the  insects  that  lay  them.  They  are  very 
small;  the  characters  by  which  they  may  be  distinguished  are  often  most 
obscure  and  elusive;  and  very  little  time  has  yet  been  given  by  entomolo- 
gists to  the  study  of  insect  eggs.  Nevertheless,  it  is  often  possible  to  tell 
from  an  examination  of  the  egg  the  exact  kind  of  insect  that  will  develop 
from  it.  This  may  at  times.be  of  the  greatest  importance  in  forecasting 
the  appearance  of  the  destructive  stages  of  a  particular  insect   pest . 

In  attempting  to  recognize  the  kind  of  insect  from  its  eggs,  one  should 
note  the  size,  shape,  and  color  of  the  egg;  the  place  in  which  it  is  found: 
the  way  in  which  it  is  laid  or  attached — whether  on  its  end  (Fig.  73,  S), 
or  its  side  (A'),  or  on  an  elevating  stem  (R) ;  or,  if  inserted  into  the  tissues 
of  plants  or  animals,  the  kind  of  scar  made  by  the  laying  (  Fig.  5) :  whether 
laid  singly  or  in  indefinite  masses  or  in  accurately  spaced  or  definitely 
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1  [Q.  73. — Eggs  of  various  insects  to  show  something  of  the  variety  in  shape,  pattern, 
sculpturing  and  arrangement.  All  much  enlarged.  .4,  egg  of  Japanese  beetle;  B,  a  group 
of  eggs  of  the  malarial  mosquito;  C,  egg  of  Honeysuckle  miner,  Lithocolletes  fragi  ella  (from 
Crosby  and  Leonard);  D,  egg  of  the  fall  army  worm;  a,  side  view,  b,  from  above;  E,  egg  of 
southern  green  plant  bug,  side  view;  F,  egg  case  of  great  water  scavenger  beetle  which 
encloses  50  to  100  eggs  (redrawn  after  Kellogg);  G,  egg  of  a  ground  beetle,  Chlamius  tricolor, 
in  its  mud  cell  on  the  stem  of  a  sedge  {redrawn  after  King  in  Ann.  Entom.  Soc. 
Amer.);  H,  eggs  of  the  apple  seed  chalcid;  /,  egg  of  a  stone  fly,  Perla  immarginata  (from 
Smith  in  Ann.  Entom.  Soc.  Amer.);  J,  eggs  of  poultry  lice  (from  Ohio  Agr.  Exp.  Sta.);  K, 
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ranked  groups  (Fig  73,  />,  A,  Q)j  and  the  arrangement  of  the  eggs  with 
respect  bo  each  other,  whether  free  or  cemented  together,  or  covered  over 
with  hairs  <>r  a  cement-like  secretion.  Of  especial  usefulness  is  the 
BCUlpturing  of  the  eggshell  as  seen  under  a  micro- 
scope. A  great  variety  of  impressions,  elevations, 
or  depressions  are  found,  the  exact  shape  and 
arrangement  of  which  will  often  serve  to  distinguish 
one  species  from  another.      (Fig.  73,  C,  D,  E,  II,  I, 

./,  <>.) 

Parts  of  the  Insect  Egg. — Regardless  of  shape  or 
size,  the  following  parts  of  the  egg  will  usually  all 
be  represented  (Fig.  74): 

(a)  The  chorion  or  eggshell,  a  tough  protective 
covering. 

(6)  The  micropyle,  a  small  opening  through  the 
chorion  usually  at  one  end  of  the  egg,  through  which 
the  sperm  may  enter  the  egg  to  fertilize  it. 

(c)  The  vitelline  membrane,  a  delicate  membrane 
completely  lining  the  shell  within,  and  enclosing  the 
following  parts: 

(d)  The  cytoplasm,  or  general  living  substance 
of  the  egg,  the  clear,  watery,  "cell  sap." 

(e)  The  yolk,  or  lifeless  food  material,  which  is 
not  usually  assembled  into  one  mass  as  in  birds' 
eggs,  but  is  scattered  throughout  the  cytoplasm. 

(/)   Finally,    and    most    significant   of   all,    the 

w  '  ~ '  °  7  sperm  and  egg  about  to 

nucleus,  a  highly  organized  dynamic  part  of  the    unite;  pb,  polar  bodies; 
cell,  containing,  besides  other  significant  parts,  the    p,r'  PenPheral  Prot°- 

.  °  .  plasm;  v,  ventral  side;  vt, 

chromatin,   which   at   certain   regular  times   forms    vitelline    membrane;  y, 
into  the  minute  bodies  known  as  chromosomes.     The 


Fig.  74. — Sagittal  sec- 
tion of  an  egg  of  the 
house  fly  in  process  of 
being  fertilized,  c,  chor- 
ion; d,  dorsal  side;  m, 
micropyle,  with  exuda- 
tion;   p ,     nuclei     from 


yolk.  Greatly  magnified. 
(From  Folsom's  "Entom- 
ology," after  Henking  and 
Blochmann,  courtesy  P. 
Blakiston' s  Son  &  Co.) 


chromosomes   (perhaps  in  conjunction  with  other 

port  ions  of  the  germ  cells  in  which  they  are  borne)  are 

t  he  bearers  of  hereditary  characters,  which  in  some 

unknown  manner  determine  that  the  insect  developing  from  an  egg  laid  by 

a  bumblebee,  for  example,  shall  be  a  bumblebee  and  not  a  grasshopper 

nor  a  house  fly:  in  general,  a  creature  like  its  parents,  with  the  peculiar, 

fundamental,  structural  characters  of  the  species  to  which  it  belongs. 


egg  mass  of  the  squash  bug  (original);  L,  egg  mass  of  the  harlequin  bug;  d£,  egg  of  snowy 
tree  cricket  (from  Parrott  and  Fulton  >;  A",  eggs  of  tent  caterpillar  forming  a  collar  about  a 
twig.  In  the  upper  portion  of  the  mass  the  eggfl  have  not  been  covered  with  the  glue-like 
secretion  (original);  O,  egg  of  a  May-fly,  Heptagenia  inierpunctata,  showing  skein  of  thread 
at  each  eml  which  anchors  eng  on  surface  of  water  by  winding  about  sticks  or  plants  (from 
Morgan  in  Ann.  Entom.  Sor.  Atnrr.);  P,  egg  mass  of  a  caddice-fly,  Phrygatua  ilUemtpta 
(from  Lloyd);  Q,  egg  mass  of  angular-winged  katydid  on  edge  of  leaf  (from  Conutoek);  R, 
eggs  of  a  lace-winged  fly  (original);  S,  eggs  of  asparagus  beetle;  T,  eggs  of  little  red  louse 
on  hair  of  cow  (A,  B,  D,  K,  II,  L,  8  and  T  from   U.  8.  D.  A.). 
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The  Sperm.  The  Bperms  of  insects  arc  in  a  general  way  similar  t<> 
those  of  other  animals.  They  are  elongate,  extremely  slender  cells,  with 
a  whiplike,  vibratile  tail,  by  which  they  may  swim  actively  to  find  an  egg. 

When  examined  at  high  magnifications,  three  different  parts  may  be 
distinguished  (Fig.  75):  (a)  a  slender,  rod-like  head  which  contains  the 
nucleus  and  carries  the  chromosomes,  and  is  believed  to  be  the  part  that 
hears  the  hereditary  characters  of  the  male  parent  to  the  egg;  (b)  a 
middle  piece  which   is  thought   to  contain  an  "attraction-sphere,"  of 

significance  in  the  division  and  development  of 
the  egg  after  fertilization;  and  (c)  the  tail.  Such 
a  curious  cell  is  developed  from  an  ordinary- 
appearing  cell  in  the  testis,  during  the  process 
known  as  maturation. 

Maturation  and  Fertilization. — The  nucleus 
of  the  egg  and  of  the  sperm  is  the  portion  that 
contains  "the  germ  of  life."  Every  other  part 
of  the  egg  is  subservient  to  the  nucleus,  serving 
to  protect  or  nourish  this  vital  part.  Before 
fertilization,  the  nucleus  of  the  egg  and  that  of 
the  sperm  each  undergoes  certain  complicated 
changes  known  as  maturation,  during  which  a 
part  of  their  substance,  especially  chromatin,  is 
cast  aside.  In  the  maturation  of  the  sperm  cell, 
most  of  the  cytoplasm  is  discarded  and  the  cell 
specialized  for  locomotion;  in  the  development 
of  the  egg  cell  most  of  the  cytoplasm  is  retained 
and  the  cell  specialized,  by  the  inclusion  of  yolk, 
to  nourish  the  embryo.  In  both  cases  only  half 
of  the  chromatin  substance  of  a  normal  body  cell 
is  retained. 

At  fertilization  the  sperm  burrows  into  the 
egg  cell  (through  the  micropyle) ,  at  least  the  head 
and  middle  piece  entering  its  substance  to  perform  essential  functions  in 
the  construction  of  the  fusion  nucleus,  from  which  the  entire  new  insect 
develops.  It  is  the  fusion  of  these  two  "  half-cells, "  the  maturated  sperm 
from  the  male  and  the  maturated  egg  from  the  female,  that  constitutes 
fertilization.  All  cells  of  the  new  body  are  direct  descendants  of  the 
" perfect  cell"  so  formed. 

Development. — The  life  cycle  begins  with  fertilization,  the  fusion  of 
the  sperm  and  egg  into  a  single  cell.  The  life  cycle  ends  with  a  body 
composed  of  millions  of  cells,  highly  organized  into  a  complex,  living 
machine.  All  that  takes  place  between  the  fertilization  of  the  egg  and 
the  perfection  of  the  full-grown  insect  we  call  development  and  growth.  It 
is  sharply  divided  into  two  phases  by  the  act  of  hatching  or  escape  from 


Fig.  75. — Sperms  of  in- 
sects. A,  of  grasshopper; 
B,  of  cockroach;  C,  of  a 
scarabaeid  beetle,  greatly 
magnified.  (From  Folsom's 
"Entomology,"  after  Butschli 
and  Ballowitz,  courtesy  P. 
Blakiston's  Son  &  Co.) 
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the  eggshell.  That  part  of  the  development  that  occurs  before  hatching, 
or  birth,  is  called  the  embryology  (embryonic  development)  and  all  that 
takes  place  after  hatching  or  birth  is  post-embryonic  development. 

The  embryology  of  insects  is  a  subject  too  technical  to  attempt  to 
cover  here,  though  one  of  fascinating  interest.  We  would  simply 
emphasise  that  life  begins  as  a  single  cell,  the  fertilized  egg,  in  which 
cannot  be  recognized  any  of  the  features  of  the  creature  into  which  it 
later  develops.  This  cell,  under  the  influence  of  a  force  we  do  not  under- 
stand, divides,  and  the  succeeding  cells  divide  and  further  multiply  and 
differentiate.  As  the  cells  increase  in  numbers,  all  take  their  place 
in  an  orderly  and  definite  manner  to  form  the  various  tissues  and  organs 
of  the  future  insect;  until  when  it  hatches 
we  have  within  the  eggshell  (Fig.  77,  A, 
F,  K)  an  organism  capable  of  discharging 
all  the  necessary  functions  of  life.  Dur- 
ing this  time  the  egg  is  quiescent.  The 
insect  does  not  feed  externally  or  move 
during  the  egg  stage.  In  the  egg  stage, 
therefore,  insects  are  never  injurious  and 
never  beneficial. 

Types  of  Reproduction. — The  devel- 
opment within  the  egg  requires  food. 
This  may  be  derived  from  food  material, 
yolk,  stored  inside  the  shell  by  the  parent 
insect  before  the  egg  is  laid.  The  parent 
then  nourishes  it  no  further.  This 
method  of  reproduction  is  known  as  ovi- 
parous (i.e.,  bringing  forth  eggs).  It  is 
parallelled  by  the  condition  in  birds, 
although  it  should  be  noted  that  insect 
eggs  do  not  require  incubation  or  other  attention  from  the  parents  after 
they  are  laid. 

In  contrast  with  this  is  the  condition  in  mammals  where  the  young, 
during  embryonic  development,  establish  a  definite  connection  (the 
placenta),  with  the  blood  system  of  the  mother  and  receive  their  nourish- 
ment, moment  by  moment,  from  the  circulatory  system  of  the  parent. 
Food  as  well  as  oxygen  for  an  embryonic  mammal  passes  from  mother  to 
young  by  diffusion  or  osmosis  through  the  so-called  fcetal  membranes. 
This  condition  is  known  as  viviparous  reproduction  (i.e.,  bringing  forth 
active  young). 

A  somewhat  intermediate  condition  is  found  among  insects,  some  of 
which  do  not  lay  the  eggs  but  retain  them  until  after  they  have  hatched 
and  then  bring  forth  active  young  (Fig.  76).  This  is  not  at  allequivalent 
to  viviparous  reproduction,  however,  because  the  young  insect    receives 


Fig.  76. — A  wingless  parthenogenetic 
green  bug,  giving  birth  to  living  young, 
ovoviviparously.  (Drawn  from  photo- 
graphs by  Hunter  and  Glenn,  I '  n  in  rsity 
of  Kansas.) 
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its  nourishment  from  the  yolk  of  the  egg  and  not  from  the  parent*! 
circulation.  No  organic  connection  is  established.  It  is  simply  pre- 
mature hatching  or  delayed  oviposition.  It  is  distinguished  as  ovovivi- 
parous  /(production.  The  two  kinds  of  reproduction  common  among 
insects  are  oviparous  and  ovoviviparous.  A  condition  somewhat 
analogous  to  that  found  in  man  and  other  mammals  (viviparous  repro- 
duction) is  known  only  in  the  case  of  a  few  flies  (the  sheep  tick,  see  p.  803 
and  the  tsetse  flies)  in  which  the  young  are  actual^  nourished  by  special 
nutritive  glands  in  the  uterus  of  the  parent  fly. 

Number  of  Eggs  and  Methods  of  Deposition. — Insect  eggs  (Fig.  73) 
are  generally  small,  and  consequently  are  seldom  noticed  except  when 
laid  in  masses  or  groups  that  are  conspicuous.  Some  insect  eggs  are  so 
small  that  several  dozen  could  be  placed  side  by  side  on  the  head  of  a 
common  pin;  the  largest  eggs  of  our  common  insects  are  not  over  J6  inch 
in  diameter. 

The  number  of  eggs  laid  by  one  insect  is  as  varied  as  their  shape  and 
size.  A  single  female  may  lay  as  few  as  one  egg  (in  exceptional  cases,  like 
the  true  females  of  certain  aphids),  or  at  the  other  extreme  1,000,000  or 
more.  The  honeybee  queen  lays  2,000  or  3,000  eggs  a  day,  actually 
producing  several  times  her  own  weight  of  eggs  each  day  for  weeks  at  a 
time.  The  termite  queen  lays  as  many  as  60  eggs  a  minute  until  millions 
have  been  produced.  The  average  number  for  all  insects  is  probably 
over  100. 

The  eggs  may  all  be  laid  at  one  time,  as  in  the  tussock  moth;  or  a  few 
a  day  for  many  days,  as  in  the  blood-sucking  lice;  or  there  may  be  a 
number  of  successive  " batches"  of  eggs  produced  at  intervals,  as  in  the 
case  of  the  common  house  fly,  which  lays  from  two  to  seven  lots  of  eggs 
at  intervals  of  2  to  5  days,  each  lot  consisting  of  about  125  eggs. 

Insect  eggs  are  generally  laid  in  such  a  situation  that  the  young,  upon 
hatching,  may  find  suitable  food  with  the  minimum  of  effort  or  discrimin- 
ative action.  More  often  than  not,  they  are  simply  extruded  in  a  suitable 
place,  which  is  generally  selected  with  remarkable  care.  This  done,  the 
mother  pays  no  further  attention  to  them,  usually  dying  shortly  after- 
ward. There  is  ordinarily  very  little  of  parental  care  or  family  life 
among  insects.  The  eggs  hatch  (Fig.  77)  without  attention  or  control  by 
their  parents,  and  from  the  moment  of  hatching  the  young  insect  must 
ordinarily  lead  an  independent,  self-supporting  existence. 

There  are  some  very  interesting  adaptations  of  egg  laying  to  the  subsequent  life 
of  the  young  insect.  The  chestnut  weevil  has  a  beak  longer  than  her  own  body,  with 
which  she  reaches  through  the  chestnut  bur  to  chew  a  hole  into  the  developing  nut. 
In  this  hole  is  laid  the  egg  from  which  the  chestnut  ''worm"  develops.  The  plum 
curculio  and  the  strawberry  weevil  make  remarkable  provision  to  assure  the  success 
of  the  eggs  and  young  (Fig.  5,  E,  F;  see  the  discussion  of  egg  laying  under  these 
insects).  The  horse  botfly,  whose  young  must  reach  the  stomach  of  the  horse  in 
order  to  develop,  lays  its  eggs,  not  in  the  horse's  mouth,  but  on  the  hairs  of  the  horse's 
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DOs/tion  nf7;f7nTh0»hat('hinKu°f  lnSeCtS-       A>  B'  C'  D  ami  E  ***  "f  :i  ^  Crickel  :  .1  shows    the 

it. on  of  the  embryo  w  the  egg;  *,  c,  Z>,  and  £  eucceeeive  stages  in  the  hatchh I     f      o 

£  ..,.;,;;,    lv:^;n'     khe  «*•*  "—<»">"  showing  through  the  chorion; 

uu    batched  n   mi,,   :  //,   the  same  in  motion;  /.  the  same,  shedding  embryonic 

I"..,,,  .  ./.  the  same  free  from  embryonic  membrane  {from  Snodgrass).     A    shows  ,1  , 

"'> ryo  peach  borer  Larva  in  its  Shaped  position  in  the  egg  before  hashing  I      /     I  ■ 

empty  egg  shell  from  which  the  larva  has  hatched  (from  /v,,„„,  7/   '   ,I1(  '  > 

of  an  apple  aph.d  showing  the  nymph  partly  hatched   from  the  egg*  tfC  r^on 


138  DESTRUCTIVE  AND  USEFUL  INSECTS 

legs.  Their  success  in  reaching  their  feeding  grounds  is  though!  to  depend  upon  the 
acl  ivities  of  another  insect,  the  stable  fly.     The  bites  of  the  stable  fly  cause  the  horse 

to  nibble  at  its  legs.  The  eggs  of  the  horse  bot  hatch  almost  instantly  wln-n  stroked 
by  the  moist  lips  or  tongue,  to  which  the  small  larva  ding,  and  are  subsequently 
s\\  allowed. 

One  of  the  most  remarkable  eases  of  provision  for  the  young  is  exhibited  by  the 
twig  girdler.  The  twig  girdle?  lays  her  eggs  one  in  a  place  in  holes  which  she  chews 
into  the  soft  bark  of  the  terminal  twigs  of  such  trees  as  hickory,  oak,  pecan,  persimmon, 
and  many  others.  Before  the  eggs  are  laid,  however,  she  completely  girdles  the  twig, 
usually  to  a  depth  of  %  inch  or  more,  by  chewing  out  the  wood,  bit  by  bit,  in  a  band 
around  the  twig  (Fig.  5,  D).  This  girdling  requires  many  hours  of  work  on  the  part 
of  the  female  (commonly  40  or  50  hours)  and  when  it  is  completed,  the  insect  lays  in 
the  partially  severed  twig  perhaps  12  or  20  eggs.  Other  twigs  are  then  attacked  in  a 
similar  manner,  and  the  female  busies  herself  in  this  way  all  during  the  long  autumn 
months.  The  twigs  subsequently  break  off  in  the  wind  and  the  larva1  develop  in  the 
dead,  decaying  wood  at  the  surface  of  the  soil.  This  represents  probably  the  extreme 
of  parental  care  on  the  part  of  an  insect,  in  the  mere  act  of  egg  laying.  A  closely 
related  species  in  the  subtropics  often  cuts  off  branches  1  or  \\^  inches  in  diameter, 
several  females  working  together  to  sever  so  large  a  branch. 

Many  other  insects,  especially  the  Hymenoptera,  build  elaborate  nests  and  pro- 
vision them  with  paralyzed  insects  or  honey  to  serve  as  food  for  the  young  (see  Figs. 
22  and  151).  The  European  earwig  actually  broods  over  her  eggs  and  young  after 
the  manner  of  birds  (Fig.  101).  But  the  great  majority  of  insects  lay  their  eggs  and 
die  without  ever  seeing  them  again.  There  is  in  almost  every  case,  a  new  "crop"  of 
insects  each  year.  It  is  the  exceptional  species,  like  the  white  grubs,  wireworms, 
periodical  cicada,  ants,  and  honeybee,  in  which  the  same  individuals  live  longer  than 
one  year,  and  even  in  these  cases  the  adult  is  generally  short-lived  and  only  the  young 
or  the  queens  persist  into  the  following  seasons. 

The  Rapidity  of  Insect  Increase. — Insects  multiply  very  rapidly. 
This  great  increase  may  be  due  to  either  one  or  both  of  the  following 
factors:  (a)  a  great  number  of  eggs  or  young  in  a  family  or  generation; 
and  (6)  a  short  life  cycle  and  the  rapidity  with  which  generations  succeed 
each  other.  Compared  with  the  half  dozen  or  dozen  children  which 
characterize  the  families  of  man  and  our  domestic  animals  and  fowls,  the 
hundreds  of  the  average  insect  family  are  impressive.  Again,  the  life 
cycle  or  generation  in  the  larger  animals  is  from  a  few  months  in  the 
case  of  smaller  rodents  to  as  much  as  30  years  in  the  case  of  man,  while 
the  shortest  known  life  cycle  among  insects  is  about  10  days! 

Either  one  of  these  factors  operating  independently  may  result  in  a 
tremendous  population  of  insects  from  one  or  a  few  individuals  that  may 
begin  the  season.  For  example,  the  corn  root  aphid  has  a  family  averag- 
ing from  12  to  16  young.  But  each  of  these  begins  reproducing  at  the  age 
of  8  days,  and  a  generation  may  be  completed  in  16  days.  In  this  way  it 
would  be  possible,  theoretically,  for  a  single  female  to  produce  in  1  year, 
if  r  11  her  descendents  survived,  a  chain  of  these  aphids  long  enough  to 
encircle  the  earth.  The  San  Jose  scale  has  fewer  generations — from  two 
to  four  in  the  northern  states — yet,  because  of  the  large  number  of 
young  produced  by  one  female  (400  to  500),  a  single  pair  might  be  the 
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progenitors,  if  nil  their  descendente  survived,  of  more  than  L}000,000  in  8 
single  season.  In  the  case  of  the  house  fly,  both  of  the  above  Factors 
operate  t<>  produce  the  alarming  Increase  in  numbers  of  fli^s  as  summer 
comes  on.     According  to  Hodge: 

A  pair  of  flies  beginning  operations  in  April,  might  be  progenitors,  if  all  were 
to  live,  of  191,010,000,000,000,000,000  flics  by  August.     Allowing  's  cubic  inch 

in  a  fly,  this  Dumber  would  cover  the  earth  47  feet  deep. 

Needless  to  say,  owing  to  the  factors  of  natural  control,  no  such  rate  of 
increase  ever  actually  occurs. 

The  first  life  stage  of  all  insects  is  the  egg  (sometimes  concealed  within 
the  mother's  body).  The  time  spent  within  the  egg  may 
be  as  short  as  8  hours,  as  in  the  case  of  the  house  fly;  is 
commonly  a  week  or  two;  and  very  often  insects  go 
through  the  winter  in  this  stage,  all  other  stages  then 
usually  dying  off  before  winter  is  passed. 

Insects  without  a  Metamorphosis. — The  egg  may  lie 
dormant  for  a  long  period  of  time,  but  during  at  least  a 
part  of  the  egg  stage  there  is  great  activity  within  the 
eggshell,  as  a  result  of  which  a  perfectly  formed  young 
insect  is  finally  disclosed  by  hatching.1  (Fig.  77.)  When 
a  chicken  or  a  duckling  hatches  from  its  egg  it  resembles 
in  most  respects  (except  size)  the  full-grown  chicken  or 
duck.  A  few  insects,  when  they  hatch,  also  are  so  much 
like  their  parents  that  anyone  would  know  they  belonged 
to  the  same  kind  of  insect  (Fig.  78).  This  is  especially 
true  of  a  small  number  of  wingless  insects  belonging  to 
the  orders  Thysanura  and  Collembola,  the  fish  moths  and 
springtails.  Such  insects  are  said  to  undergo  no  meta- 
morphosis, and  the  two  orders  just  mentioned  are  collec- 
tively called  the  Ametabola  (which  means  without  change). 
Their  growth  from  smallest  to  largest  is  hardly  accompanied  by  greater 
changes  in  appearance  than  those  that  take  place  from  infancy  to 
manhood  (see  Table  III,  p.  152). 

Insects  with  a  Gradual  or  Simple  Metamorphosis. — If  the  full-grown 
insect  has  wings,  the  young  never  resemble  it  completely  at  hatching,  for 
(unlike  birds)  no  insect  has  visible  wings  when  it  emerges  from  the  eggsln  11 
(see  Fig.  77).  All  winged  insects,  therefore,  undergo  a  metamorphosis 
during  their  development.  Metamorphosis  may  be  defined  as  a  con- 
spicuous change  in  the  form  and  appearand  of  an  animal  between  birth 
{or  hatching)  and  maturity.     Frogs  or  toads,  with  their  curious  young 

1  The  term  hatching  properly  refers  only  to  breaking  out  of  the  eggshell  or  embry- 
onic membranes.  The  escape  of  a  winged  insert  from  its  cocoon  or  pupa  case  should 
be  called  emergence,  not  hatching. 


Fig.  78.— Adult 
and  young  of  a 
collem  bolan, 
Podnra  sp.,  one  of 
the  simplest  in- 
sects, illustrating 
development 
without  metamor- 
phosis. M  u  c  li 
enlarged.  (From 
Kellogg' a  "  Am*  ri- 
can  Insects.1') 
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FIQ  79  —Nymphs:  examples  of  insects  that  develop  the  wings  externally  during  the 
growing  period  and  transform  to  the  adult  usually  without  a  pupa  stage  A,  nymph  of  a 
stone-fly,  order  Plecoptera  (from  Kellogg's  -American  Insects");  B  nymph  of  a  treehopper, 
Ceresa  basalis  Walk.,  order  Homoptera  (from  N.  Y.  State  foil  eg  e  Forestry),  C,  nymph  of  a 
fulgorid,  Bruchomorpha  oculata  Newm.,  order  Homoptera  (from  N.  Y.  State  Co  lege  Forestry) 
D  nymph  of  an  aphid,  Aphis  cucumeris,  order  Homoptera  (from  U.  S.  D.  A.);  E,  nymph  ot 
a 'grasshopper  (from  U.  S.  D.  A.);  F.  nymph  of  a  lace  bug,  Conjhuca  pergandei  Heid 
order  Hemiptera  (from  Ohio  Biol.  Sur.  Bull.  8) ;  G..  nymph  of  a  leaf  hopper,  Drceculacephala 
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tadpole  stages,  bave  a  metamorphosis,  while  birds,  rabbits,  men,  and  the 
likr,  have  no  metamorphosis  during  their  post-embryonic  development. 

[n  many  insect  species  the  young  are  very  similar  to  the  aelult  except 

for  the  complete  absence4  of  wings;  in  other  cases  there  are  striking  differ- 
ences in  the  color  or  shape,  or  in  the  structure  of  some  of  I  he  appendages. 
In  either  case,  after  a.  period  of  growth  the  wings  may  appear  attached  to 
the  outside  of  the  body  as  small  wing  pads  which  become  larger  and 
larger.  And  the  more  developed  the  young  insect  becomes  the  more  it 
resembles  its  parents  (Fig.  80).  Such  a  development  is  called  a  gradual  or 
simple  metamorphosis.  The  young  of  such  insects  are  called  nymphs 
(Fig.  79).  They  commonly  have  the  same  habits  as  their  parents,  and 
the  old  ones  and  young  ones  may  frequently  be  seen  feeding  together,  not 
unlike  a  hen  and  her  chicks.  Grasshopper  nymphs  and  adults  both  eat 
grasses  and  clovers  and  may  be  found  hopping  about  together  in  the 
pastures.  Squash-bug  nymphs  and  adults  both  suck  the  sap  of  the 
squash  plant.  Bedbug  nymphs  and  adults  all  suck  human  blood.  This 
group  as  a  whole  is  known  as  the  H eterometabola  (meaning  different 
change).  It  includes  many  important  insects  of  the  orders  Orthoptera, 
Isoptera,  Mallophaga,  Thysanoptera,  Homoptera,  Hemiptera,  Anoplura, 
and  others  (see  Table  III,  p.  152). 

Insects  with  a  Complete  or  Complex  Metamorphosis. — Finally,  we 
have  a  large  group  of  insects,  most  of  which  have  different  habits  when 
they  are  young  than  when  they  are  full-growrn.  For  example,  the  young 
may  swim  in  the  water  and  the  adults  live  in  the  air,  like  the  mosquitoes. 
Or  the  young  may  tunnel  through  the  soil  and  eat  grass  roots  like  the 
white  grubs,  while  their  parents,  the  May  beetles,  fly  about  and  feed  on 
the  leaves  of  trees.  Or  the  young  may  live  in  the  stomach  of  a  horse  like 
the  bots  and  the  parents  fly  freely  in  the  air.  Obviously  these  insects 
could  not  exist  in  such  different  environments  unless  they  were  very 
different  in  structure  when  young  and  when  full  grown.  Indeed,  they 
are  generally  so  very  different  in  appearance  in  their  several  life  stages 
that  no  one,  without  previous  information,  would  ever  suspect  them  of 
being  even  closely  related  animals,  much  less  the  successive  stages  of  the 
same  individual.  The  young  of  this  group  show  no  trace  of  wings  extern- 
ally during  any  period  of  growth,  although  the  wing  buds  may  be  found, 
by  dissection,  inside  the  body  wall  (see  Figs.  5S,f.b,  and  h.b)  and  81,  II 
and  III).  Furthermore,  the  oldest  larva  shows  no  greater  resemblance 
to  the  adult  than  the  smallest  one,  except  in  size  (Fig.  82).     Such  young 

moUipt .-  Say,  order  Homoptera  {from  U.  8.  1).  A.);  If.  nymph  of  the  cotton  stainer,  Dyeder 
cut  eutureUus  H.  Schf.,  order  Hemiptera  (front  Insect  Life);  I,  nymph  <>f  the  pear  peylla, 
PeyUia   pyricola   Linn.,   order  Homoptera    {from  Slingerland);  ./.  nymph  of  a  dragonfly, 

Aims  Junius,  order  Odoiiata  (from   111.  Stat*    .\'<it.   Hist.  Surr,i/);  K.  nymph  of  the  tarnished 

plant    bug,  Lygtu  pratenna  I. inn.,  order  Hemiptera   (from   III.  StaU    Nat.   Hut.  Survey); 

L.  nymph  of  the  periodical  cicada,  order  Homoptera  (from  !'.  S.  I).  A.);  M ,  nymph  of  the 
green    plant  bug,  S'rzara  hilar  is  Say.  order  Hemiptera  (from   U.  S.  1>.  A.). 
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Fig  80.-Instars  or  stages  of  growth  of  the  snowy  tree  cricket  CE cant hus  mveus  De  G., 
illust  ating  a  gradual  metanforphosis.  1  to  5  the  first  to  fifth  nymphal  instate  respective ,  y ; 
6,  the  adult.  Note  the  appearance  of  the  wing  pads  at  4  and  their  expansion  to  fuU  s  ze 
at  6;  also  the  very  gradual  assumption  of  the  adult  condition.  (From  N.  Y.  (Geneva) 
Agr.  Exp.  Sta.  Bull.  388.) 
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insects  are  known  as  larva  (singular  larva)t  in  contrast   with  nymphs 
(Fig  83).1 

When  a  larva  is  full-grown,  a  striking  change  lakes  place,  and  the 
insect ,  after  shedding  its  skin,  appears  with 
the  wings  exserted  as  large  wing  pads  and 

with  the  usually  long  legs  and  feelers  of  the 
adult  now  recognizable.  But  legs,  wings, 
and  antenna)  always  remain  funct  ionless  for 
a  definite  period  of  time  while  the  internal 
organs  are  being  transformed  to  the  adult 
condition.  This  transformation  stage  is 
known  as  the  pupa  (plural,  pupce)  (Fig.  84). 
At  its  completion,  the  pupal  skin  is  shed 
and  the  adult  formed  by  rapid  expansion  of 
the  wings  to  full  size,  the  general  hardening 
of  the  body  wall,  the  development  of  the 
color  pattern  and  numerous  other  changes. 
Such  development  is  called  a  complete  or 
complex  metamorphosis.  The  largest  orders 
of  insects  have  such  a  complete  metamor- 
phosis; for  example,  the  Coleoptera, 
Lepidoptera,  Hymenoptera,  and  Diptera; 
besides  some  smaller  orders  like  the  Sipho- 
naptera,  Neuroptera,  and  others  (see  Table 
III,  p.  152).  All  these  insects  that  have  a 
complete  metamorphosis  are  referred  to 
collectively  as  Holometabola  (meaning  com- 
plete change). 

Life  Stages  and  Instars. — For  a  further 
understanding  of  the  growth  and  meta- 
morphosis of  insects,  it  is  essential  to  have 
clearly  in  mind  what  is  meant  by  life  stages 
and  by  instars.  The  life  stages  are  those 
several  periods  of  an  insect's  life  which  are 
radically  different  from  each  other  in  ap- 
pearance and  usually  also  in  behavior  or  activity.  Thus  the  insects 
with  a  complete  metamorphosis  have  four  life  stages;  the  egg,  the  larva, 
the  pupa,  and  the  adult.     While  insects  with  a  gradual  metamorphosis 

1  The  authors  realize  that  the  term  larva  is  often  used  for  the  first  stage  of  any 
insect  or  other  animal  having  a  metamorphosis,  and  wish  that  a  special  term  could 
have  been  employed  for  the  young  of  insects  with  a  complete  metamorphosis.  How- 
ever, the  term  larva  is  so  firmly  established  as  a  general  term  for  caterpillars,  grubs, 
maggots,  and  the  like  that  there  would  lie  no  hope  of  any  special  term  for  this  purpose 
becoming  adopted.  Larva  as  used  in  this  hook,  therefore,  means  the  young  of  insects 
that  have  a  complete  or  complex  metamorphosis. 


Fig.  81. — Dissection  of  a  full- 
grown  caterpillar,  Pieris  sp.,  from 
above,  to  show  the  wing  buds  which 
are  developing  inside  the  body  wall. 
b,  brain;  m,  alimentary  canal;  si, 
prothoracic  spiracle;  s4,  first  ab- 
dominal spiracle;  sg,  silk  gland;  I, 
bud  of  the  prothoracic  segment ;  77, 
bud  of  the  front  wing;  ///,  bud  of 
the  hind  wing.  (From  Folsom's 
"Entomology,"  P.  Blakiston's  Son 
&  Co.,  after  Gonin.) 
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and  those  without  metamorphosis  have  three  life  stages,  known  as  the  egg, 
the  nymph,  and  tin4  adult.  Among  insects,  all  increase  in  size  takes  plan 
in  the  life  stage  thai  immediately  follows  hatching,  that  is  either  while  a 

nymph  (if  the  insect  has  a  gradual  metamorphosis)  or  as  a  larva  (if  the 
insect  has  a  complete  metamorphosis).  No  growth  occurs  in  the  adult 
stage  after  the  insect  once  acquires  functional  wings,  and  none  in  the  pupa 
stage.  Little  flies  do  not  ever  grow  into  larger  flies,  nor  little  moths  into 
larger  ones.     With  the  appearance  of  the  full-spread  wings  the  size  of  the 
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Fig.  82. — Instars  or  stages  of  growth  of  the  green  clover  worm,  Plathypena  scabra  Fab., 
illustrating  a  complete  metamorphosis.  Note  the  entire  absence  of  wing  pads  even  in  the 
largest  instar;  the  fact  that  the  largest  larva  is  no  more  like  the  adult  moth  in  form  than 
the  smallest ;  and  that  a  pupa  stage  intervenes  between  the  last  larva  and  the  adult.  (From 
U.  S.  D.  A.  Farmers'  Hull.  <)S2.) 

insect  is  fixed  for  the  rest  of  its  life  except  as  the  body  expands  to  accom- 
modate a  large  meal  or  developing  eggs. 

Since  growth  occurs  exclusively  during  the  nymphal  or  larval  period, 
it  follows  that  there  must  be  various  sizes  of  nymphs  or  larvae  (Figs.  80 
and  82)  in  the  case  of  every  species  and  in  the  development  of  every 
individual.  An  insect  does  not  grow  by  regular,  gradual,  imperceptible 
degrees  like  a  child.  Its  body  wall  will  not  expand  like  a  mammal's  skin 
to  permit  this.  It  has  been  pointed  out  (p.  72)  that  the  body  wall  is 
composed  of  a  double  outer  layer,  the  cuticula  (itself  consisting  of  two 
layers — an  outer  epidermis  and  an  inner  dermis) ;  and  beneath  the  dermis 
a  layer  of  living  sensitive  cells  known  as  the  hypodermis;  and  that  the 
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cuticula  becomes  chitinized  and  inelastic  over  most  of  the  outside  of  the 
body  to  form  a  stiff,  bard,  external  armor  for  the  insect. 

It  follows,  therefore,  thai  growth  inside  this  inexpansible shell  cannot 
be  regular  and  continuous.     In  order  to  make  any  considerable  increase 

m  size  the  shell  must  be  split  off.  This  process  is  known  as  molting  and 
the  old  cuticula  so  cast  off  is  known  as  the  exuviae,  (meaning  clothes). 
Before  the  old  cuticula  is  split  off,  a  new  epidermis  is  secreted  inside  it  by 
the  hypodermal  cells.  Then  a  fluid,  known  as  the  molting  fluid,  is  poured 
out  by  certain  special  cells  in  the  hypodermis.  The  molting  fluid  loosens 
the  outer  shell  by  corroding  the  dermis  of  the  old  cuticula  and  the  com- 
plete body  covering  is  then  split  open  and  the  insect  crawls  out.  At  this 
point  then4  is  a  considerable  expansion  in  size  before  the  new  epidermis 
becomes  chitinized  and  "set"  to  a  definite  size.  Subsequently  there  is  a 
relatively  long  period  during  which  the  insect  is  feeding  and  accumulat- 
ing reserve  materials  within  its  body  but  without  any  noticeable  increase 
in  size.  This  is  followed  by  another  molt  and  period  of  constancy  in 
size,  and  so  on. 

The  molts  occurring  during  the  growing  period  divide  this  life  stage 
(nymph  or  larva  as  the  case  may  be)  into  a  number  of  sharply  separated 
sizes  or  steps  that  are  called  instars  (Figs.  80  and  82).  Upon  hatching 
from  the  egg,  the  insect  is  said  to  be  in  the  first  instar.  This  instar  is 
terminated  by  the  first  molt,  which  ushers  in  the  second  instar,  distinctly 
marked  off  from  the  first  at  least  by  its  larger  size,  and  often  also  by 
differences  in  structure  or  color.  The  second  molt  introduces  the  third 
instar  and  so  on,  until  commonly  3,  4,  5,  or  6,  and  sometimes  as  many  as 
20  molts,  have  occurred  (Table  III). 

When  growth  (increase  in  size)  is  completed,  if  the  insect  be  a  nymph 
a  final  molt  discloses  the  adult;  if  it  be  a  larva  the  corresponding  molt 
gives  rise  to  the  pupa  stage  and  when  the  transformations  of  this  stage 
are  perfected  a  final  molting  of  the  pupal  epidermis  discloses  the  adult. 

Any  insect  during  its  development  passes  through  either  three  or 
four  life  stages,  one,  and  only  one,  of  wmich  is  always  made  up  of  a  number 
of  instars.  Any  considerable  difference  in  size  without  much  change  in 
appearance  indicates  a  different  instar;  while  a  radical  change  in  structure 
and  appearance,  without  much  change  in  weight,  indicates  a  different 
life  stage. 

Sometimes  it  is  difficult  to  decide  whether  the  metamorphosis  of  a 
given  insect  should  be  called  complete  or  gradual.  We  must  bear  in  mind 
that  nature  does  not  make  sharp  division  lines;  that  there  is  likely  to  be 
every  conceivable  gradation  from  one  condition  to  another  which  is 
remarkably  different.  It  is  so  with  the  metamorphosis  of  insects.  The 
groups  described  above,  however,  are  very  important  for  convenience  of 
study  and  reference,  and  most  insects  can  easily  be  fitted  into  one  or 
another  of  them. 
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Fig.  83. — Larva:  insects  that  develop  the  wings  internally  during  the  growing  period, 
that  are  very  different  in  appearance  from  the  adults,  and  that  have  a  pupa  stage  inter- 
vening between  larva  and  adult.  A,  larva  of  a  sawfly,  X tod i prion  lecontei  (Fitch), 
order  Hymenoptera  (from  Middleton  in  Jour.  Agr.  Res.);  B,  larva  of  the  wheat-stem  sawfly, 
Cephus  pygmaeus  (Linn.),  order  Hymenoptera  (from  Ries  in  Jour.  Agr.  Res.);  C,  larva  of  a 
black  digger  wasp,  Tiphia  sp.,  order  Hymenoptera  (from  Davis,  in  Bull. 
III.  Nat.  Hist.  Sur.);  D,  larva  of  the  beet  leaf  beetle,  Monoxia  puncticollis  Say,  order 
Coleoptera  (from  U.  S.  D.  A.);  E,  larva  of  a  mosquito,  Culex  territans  Walker,  order  Diptera 
(from  Bull.  III.  State  Lab.  Nat.  Hist.);  F,  larva  of  the  cecropia  moth,  Samia  cecropia  (Linn.), 
order  Lepidoptera  (from  Saunders);  G,  larva  of  a  black  fly,  Simulium  venustum  Say,  order 
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Nymphs  vs.  Larvae.     The  best  criterion  to  divide  fche  winged  insects 

into  tWO  groups,  in  respect    to  met  Minorpliosis,  is  (1)  whether  the  wing 

pads  are  borne  externally  during  the  growing  stage  or  concealed  beneath 
the  body  wall,  [f  the  wing  pads  are  developed  on  the  outside  of  the  body 
wall  (see  Figs.  79  and  80)  we  call  the  growing  stage  a  nymph  and  we  say 
that  insect  has  a  situ  pic  or  gradual  metamorphosis.  If  the  wing  pads  are 
developed  internally  during  the  growing  stage,  (Figs.  58,  f.b.  and  h.b; 
and  81,  II  and  III)  we  call  that  stage  a  larva  (see  Figs.  82  and  83)  and  say 
that  insect  has  a  complete  or  complex  metamorphosis.  A  nymph,  then,  is 
t  he  growing  st  age  of  such  insects  as  have  a  gradual  or  simple  metamorpho- 
sis, and  develops  its  wings  (if  it  have  any)  on  the  outside  of  the  body  wall 
as  visible  pads.  Other  general  differences  between  nymphs  and  larva) 
are  (2)  that  the  nymph  generally  has  a  shape  and  body  construction  simi- 
lar to  that  of  the  adult;  (3)  each  successive  instar  usually  looks  more  like 
t  he  adult  than  the  one  that  preceded  it;  (4)  nymphs  have  very  few  organs 
that  are  not  also  possessed  by  the  adult;  (5)  a  nymph  has  compound  eyes 
unless  its  parents  are  without  compound  eyes;  (6)  it  always  has  the  same 
t}rpe  of  mouth  parts  as  the  adult;  (7)  it  generally  occupies  the  same  kind 
of  habitat,  takes  the  same  kind  of  food,  and  leads  the  same  manner  of  life 
as  the  adult;  and,  finally,  (8)  the  nymphal  period  generally  passes  over  into 
the  adult  period  without  any  prolonged  inactive  or  pupal  stage  intervening. 
In  contrast  with  the  nymph,  the  larva,  or  growing  stage  of  insects  with 
complete  or  complex  metamorphosis,  (1)  develops  its  rudimentary  wings 
during  this  stage  inside  the  body  wall  of  the  thorax;  (2)  it  generally  has  a 
more  or  less  wormlike  form  of  body,  often  strikingly  different  from  that 
of  the  adult;  (3)  the  later  instars  are  no  more  like  the  adult,  as  a  rule,  than 
the  earlier  ones;  (4)  the  larva  often  has  provisional  structures  or  organs,  of 
use  only  in  this  stage  and  which  are  lost  or  supplanted  before  the  adult 
stage  is  reached;  (5)  the  larva  never  has  functional  compound  eyes,  though 
it  may  have  simple  eyes  or  ocelli ;  (6)  it  may  occupy  the  same  habitat  as 
the  adult,  but  very  often  lives  in  a  totally  different  sort  of  situation;  (7) 
the  larva  commonly  has  a  different  type  of  mouth  parts  than  the  adult 
and  often  takes  a  wholly  different  kind  of  food;  and,  finally,  (8)  the  larva 
is  always  separated  from  the  adult  by  a  pupa  stage  during  which  the  insect 
takes  no  food  and  is  usually  quiescent. 

Diptera  (from  H.  Carman);  H,  larva  of  a  lace-winged  fly,  Chrysopa  quadri punctata  Burm., 
order  Xeuroptera  {from  R.  C.  Smith);  I,  larva  of  the  California  tussock  moth.  Hemero- 
eampa  vettuta  Boisd.,  order  Lepidoptera  (from  Volck,  Calif.  Agr.  Exp.  Sta.);  J, 
Larva  of  the  apple  maggot,  Rhagolcti*  pomoneUa  Walsh,  order  Diptera  (from  Perm.  Stat* 
Dept.  Atjr.i;  K,  larva  of  a  ground  beetle,  Harpalus  pennaifaanicua  Dej.,  order  Coleoptera 
(from  Davis,  III.  Stat<  Xat.  Hist.  Sum  //);  /..  larva  of  a  flea,  order  Siphonaptcra  (Jrom  Bishopp, 
U.  s.  I),  a.j;  M,  larva  of  Cokupie  brunnea  (Fab.),  order  Coleoptera  (from  111.  stud  Xat. 
II  /.  Survey);  N,  larva  of  the  granary  weevil,  SitophUus  granarxtu  Linn.,  order  Coleoptera 
(from  U,  S.  D.  A.);  Of  larva  of  the  giant  root  borer,  Priontu  laticollit,  order  Coleoptera 
(from  X.  ./.  Agr.  Exp.  Sta.);  P,  larva  of  the  alfalfa  looper.  Autographa  gamma  califorrnKi 
ever),  order  Lepidoptera.  Note  reduced  Dumber  of  prolega  {from  II>/sl<>p.  U.  S.  D.  A.); 
').  larva  of  a  scarab  beetle,  Adoretus  caliginosus  (O.S.),  order  Coleoptera  (from  T.  B. 
Fide) 
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The  Meaning  of  a  Complete  Metamorphosis.     The  explanation  of  a 
complete  metamorphosis  is  probably  that  growth  is  all  confined  to  one 

life  stage  (the  larva)  and  reproduction  to  another  (the  adult).      For  the 


Fig.  84. — Pupa?  of  insects:  A,  B,  C,  and  D  of  Lepidoptera;  E,  F  and  L  of  Coleoptera; 
G,  H  and  /  of  Diptcra;  J  of  Siphonaptera,  K  and  M  of  Hymenoptera.  A,  pupa  of  the  pink 
bollworm,  ventral  view  (from  Heinrich  in  Jour.  Agr.  Res.);  B,  pupa  of  southern  tobacco 
worm,  side  view  (from  U.  S.  D.  A.);  C,  naked  pupa  or  chrysalis  of  the  alfalfa  caterpillar: 
Note  how  it  is  suspended  by  a  thread  or  girdle  of  silk  (from  U.  S.  D.  A.);  D,  pupa  or  chrysalis 
of  the  monarch  butterfly  as  it  hangs  suspended  by  the  posterior  end  (from  French);  E,  pupa 
of  the  beet  leaf  beetle,  ventral  view  (from  U.  S.  D.  A.);  F,  pupa  of  the  cherry-leaf  beetle, 
side  view  (from  U.  S.  D.  A.);  G,  pupa  of  the  apple  maggot,  ventral  view;  H,  the  same  in  side 
view  (from  Snodgrass,  in  Jour.  Agr.  Res.);  I,  pupa  of  the  house  mosquito;  a  pupa  that 
swims  in  water  (from  U.  S.  D.  A.);  J,  pupa  of  the  dog  flea  (from  U.  S.  D.  A.);  K,  pupa  of 
the  pear  slug  (from  Iowa  Agr.  Exp.  Sta.);  L,  pupa  of  the  convergent  lady  beetle:  it  is  fastened 
by  silk  to  the  leaf  and  can  rise  up  on  the  rear  end  when  disturbed  (from  U.  S.  D.  A.);  M, 
pupa  of  a  hymenopterous  parasite,  Pardianlomella  ibseni  Gir.  (from  U.  S.  D.  A.). 

functions  of  eating,  growing,  and  storing  up  energy,  a  simple  cylindrical 
body  with  few  appendages  is  well  adapted.  And  since  the  parent  insect 
generally  places  the  young  in  the  midst  of  an  abundance  of  food,  highly 
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specialized  sense  organs  arc  no1  usually  required.     But  to  secure  a  male, 

to  locate  a  suit  able  place  !<>  deposit  t  he  eggs,  and  fco  care  for  i  lie  necessary 
dispersal  of  the  species,  a  highly  sensitive,  active,  complex  body  is 
required.  Hence  we  have  on  the  one  hand  the  sluggish,  stupid,  glutton- 
ous caterpillar  of  simple  structure  (Fig.  83);  and  on  the  other,  the  alert, 
highly  specialized  My,  bee,  moth,  or  beetle.  So  very  different  have  these 
stages  become  in  many  cases  that  the  change  from  one  form  to  the  other 
is  profound.  In  some  insects  nearly  all  the  larval  tissues  disintegrate 
and  the  corresponding  adult  tissues  and  organs  are  built  up  anew  from 
small  groups  of  cells  (histoblasts)  that  have  remained  dormant  and  rudi- 
mentary during  larval  life,  but  are  now  able  to  multiply  rapidly  by  utiliz- 
ing the  nutritive  products  resulting  from  the  histolysis  of  the  larval  cells 
and  from  the  fat-body. 

What  takes  place  may  be  likened  to  a  proposal  to  convert  a  farm 
wagon  into  an  airplane.  It  is  conceivable  that  there  might  be  about  the 
same  amount  of  building  materials  in  the  two  vehicles,  but  to  change  one 
into  the  form  of  the  other  would  involve  a  complete  reconstruction  of  all 
parts.  Certainly,  while  such  reconstruction  was  taking  place,  the  vehicle 
could  not  be  used.  So  it  is  with  the  insect.  So  profound  is  the  change 
from  larva  to  adult  in  many  cases  that  the  organism  can  accomplish  no 
other  functions  while  it  is  going  on.  Locomotion  ceases,  feeding  is  sus- 
pended, respiration  is  reduced,  and  the  insect  undergoes  a  transformation 
period,  externally  quiescent  but  internally  probably  as  active  as  any 
period  subsequent  to  embryonic  development.  All  available  energy  is 
devoted  to  the  development  of  the  wings,  legs,  eyes,  antenna?,  mouth 
parts,  and  other  appendages  of  the  adult,  and  to  the  maturing  of  the 
reproductive  system  and  changes  in  other  internal  organs.  The  insect 
during  this  period  is  known  as  a  pupa  (Fig.  84). 

Because  it  neither  feeds  nor  moves  about,  the  pupa  stage  is  neither 
injurious  nor  beneficial  to  man. 

Methods  of  Protection  for  the  Pupa. — The  life  of  the  insect  during  the 
helplessness  of  the  pupa  stage  is  generally  safeguarded  by  the  larva. 
Sometimes  the  pupa  is  found  naked  and  exposed,  as  with  many  butter- 
flies, lady  beetles  and  the  like.  These  (Fig.  84,  A,  C,  D,  L)  usually  have 
the  tips  of  their  bodies  fastened  to  a  leaf  but  are  not  covered  in  any  way. 
Commonly  the  larva  retreats  into  a  protected  situation  under  overhanging 
bark,  or  into  logs,  stones,  grass  or  leaf  mold,  or  into  the  soil,  before  enter- 
ing upon  this  defenseless  period  of  its  life  (Fig.  85,  H,  K).  Often  a  case  is 
formed  about  the  larval  body  before  pupation.  The  case  may  consist  of 
a  folded  leaf  (Fig.  85,  B),  fine  pebbles  (F,  N),  fine  shavings  of  wood,  bits 
of  soil,  hairs  from  the  body  of  the  larva,  or  other  materials  that  surround 
the  larva  as  pupation  approaches  (E,  G,  K,  L).  These  are  generally 
cemented  or  tied  together  by  a  silken  secretion  from  the  mouth  of  the 
larva;  and  in  many  moths  and  Hymenoptera  the  silk  is  abundant   and 
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Fig.  85.-Some  methods  of  protection  for  insect  pupae  A  cocoon  of  the  cecropw 
moth  (from  Saunders,  "Insects  Injurious  to  Fruits");  B  folded  eaf  ™  ?hlch.£°^°™ 
sewer,  Aneylus  nebecidana  Clemens,  feeds  as  a  larva  and  which  also  protects  the  pupa l  stage. 
Emptv  pupal  shell  from  which  adult  emerged  projects  at  upper  left  (from  U.b.  V.  A.), 
C  PupaHum  of  Tropidia  .nadrata  Say;  a  protective  case  formed  from  the  Urval  skm  (from 
Metcalf  in  Me  Aar  Exp.  Sta.  Bull.  253) ;  D,  cocoon  of  the  clover  leaf  weevil,  partly  sur- 
rou^d  by  do^f  leaved  (from  Tower  and  Fenton,  U.  S.  D.A.);  E  the  bagworm,  a  case 
of  suk  covered  with  spruce  needles  carried  about  by  larva  during  its  life  and  later  closed  to 
pro  ect  puTa  (redrawn  after  Riley);  F,  larval  case  of  a  caddice-fly,  HeHcopsy^ ^oreaUs 
formed  in  he  shape  of  a  snail  shell  and  covered  with  grains  of  sand  (/rom  Lloyd,  Aorth 
TnTericanCaddiceFlyLarrcen;  G,  larval  and  pupal  cases  of  a  caddice-fly,  Phryganea  vestrla, 
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forms  a  complete,  sometimes  dense,  case  aboul  the  pupa,  known  as  a 
cocoon  (Fig.  86,  A ,  I),  J). 

In  many  of  t  he  flies,  instead  of  spinning  a  silken  cocoon  or  constructing 
a  case  of  extraneous  material,  the  Larva  practices  an  interesting  economy 
by  retaining  about  itself  one  of  its  own  east  skins,  which  is  slightly  modi- 
fled  by  inflation  and  hardening  with  chitin,  to  form  a  waterproof  and  air- 
tight case  known  as  a  puparium  (Fig.  85,  C).  This  next-to-thc-last  larval 
skin  is  not  discarded  at  the  time  of  pupation  as  in  most  insects,  but  is 
retained  until  the  adult  breaks  out  of  the  pupal  skin. 

It  is  important  to  note  that  the  actual  change  to  the  pupa  does  not 
coincide  with  the  completion  of  the  pupa  case.  The  pupa  stage  may  be 
said  to  begin  when  the  larval  skin  has  been  molted  off,  but  a  great  portion 
of  the  transformation  toward  the  adult  has  already  taken  place  before 
this  molt  occurs;  notably  the  eversion  of  the  wing  pads  from  their  position 
inside  the  body  wall  to  a  position  outside  the  pupal  integument  but  still 
enclosed  by  the  unshed  larval  skin.  The  plum  curculio  buries  itself  in 
the  soil  for  about  4  weeks;  but  2  weeks  of  this  time  it  remains  as  a  larva 
before  it  pupates.  The  Hessian-fly  larva  may  remain  many  months  after 
the  puparium  is  formed  before  the  pupa  is  formed.  And  many  moths 
and  sawflies  that  winter  in  a  cocoon  do  so  in  the  larval  stage,  not  pupating 
until  spring.  This  period  of  variable  duration  between  the  retreat  to  the 
pupal  position  or  formation  of  the  pupa  case  and  the  actual  change  to  the 
pupa  is  known  as  the  prepupal  period. 

The  order  to  which  a  given  pupa  belongs  can  usually  be  told  by  charac- 
teristics which  are  given  in  connection  with  the  discussion  of  the  orders  in 
Chap.  VIII,  and  the  actual  species  of  insect  may  generally  be  recognized, 
by  an  expert,  from  the  pupa. 

The  relation  of  the  life  stages  to  each  other  and  to  the  different  instars, 
their  significance  to  the  insect  and  to  man,  and  the  correspondence  of 
life  stages  in  the  three  types  of  metamorphosis  discussed  above  are  shown 
graphically  in  Table  III. 

made  of  slender  sticks  and  bits  of  leaves  arranged  in  spiral  form  (from  Lloyd);  H,  pupa  of 
southern  tobacco  worm  in  its  earthen  cell  formed  by  the  caterpillar.  The  depth  is  indicated 
by  the  inch  marks  at  the  left.  Above  are  shown  two  earthen  cells  removed  from  the 
ground;  note  hole  by  which  the  larva  entered  (from  Morgan,  U.  S.  D.  A.);  I,  case-bearers; 
at  left  the  cigar  case-bearer,  at  right  the  pistol  case  bearer  with  head  and  thorax  of  larva 
projecting  below  (from  A\  Y.  (Geneva)  Agr.  Exp.  Sta.);  J,  cocoon  of  the  California  green 
lacewing  fly;  the  pupa  has  just  emerged  through  the  circular  hole  in  the  cocoon  (from 
\Y ililcrmuth  in  Jour.  Agr.  Res.);  K,  pupa  of  the  round-headed  apple-tree  borer;  note  the 
sawdust  and  shavings  with  which  the  larva  had  closed  its  tunnel  behind  the  pupa,  and  also 
plugged  the  exit  hole  for  the  adult,  near  the  head  of  the  pupa  (drawn  from  photo  by  SUnger- 
land);  L,  cocoon  of  the  Hawaiian  sugar  cane  borer  (from  Van  Dim  ,  U.  S.  D.  A.);  M,  Larva 
and  pupa?  of  the  honeybee  in  the  hexagonal  cells  made  of  wax  by  the  worker  bees;  at  left, 
end  and  side  views  of  larva-:  at  riidit,  end  and  ventral  views  of  pupa-  (from  White,  U.  8.  D. 
A.);  .V,  pupal  case  of  a  caddice-fly,  Neophylax  concinntu,  made  of  minute  grains  of  sand 
cemented  together  with  a  few  heavier  pebbles  for  ballast  (from  Lloyd). 
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CHAPTEB   VII 
THE  PLACE  OF  INSECTS  IN  THE  ANIMAL  KINGDOM 

The  tendency  to  classify  is  inherent  in  the  human  mind.  We  are 
constantly  classifying  the  inexhaustible  assemblage  of  objects  about  us, 
whether  we  are  aware  of  it  or  not.  We  say  that  certain  things  are  useful 
and  others  of  no  use,  some  ugly  and  some  beautiful,  some  hard  and  some 
soft,  and  so  on.  This  ability  to  associate  in  our  thinking  things  and  ideas 
t  hat  are  alike,  and  to  differentiate  the  unlike  from  them,  is  a  very  valuable 
at  tribute  upon  which  much  of  human  progress  has  depended.  In  science, 
law,  business,  and  every  other  human  activity  where  a  large  number  of 
objects  or  ideas  of  varied  kind  must  be  handled,  a  classification  (i.e.,  a 
logical  sorting  and  arrangement  of  the  objects  or  concepts)  is  essential 
to  efficient  progress. 

Too  often  classifications  are  made  hastily,  with  little  thought,  and 
based  upon  the  most  obvious  and  superficial  characters.  For  example, 
to  group  together  in  a  chemical  storeroom  all  bottles  of  a  certain  height  and 
all  boxes  of  a  certain  size,  regardless  of  whether  they  contain  acids,  bases, 
salts,  metals,  or  organic  compounds;  or  to  group  together  a  flea,  a  toad, 
and  a  kangaroo  because  they  all  jump;  and  a  bird,  a  bat,  and  an  airplane 
because  they  all  fly;  are  obviously  not  the  most  fundamental,  important, 
or  useful  groupings  of  these  objects  that  can  be  made.  Such  groupings 
are  known  as  artificial  classifications. 

No  class  of  objects  on  earth  presents  so  great  and  varied  an  assortment 
as  the  living  things  that  inhabit  its  surface.  The  biggest  job  of  classify- 
ing ever  undertaken  is  the  systematic  study  of  plants  and  animals, 
including  insects;  and  probably  no  other  class  of  things  or  ideas  has 
received  such  painstaking  and  exhaustive  study  as  the  classification  of 
these  living  things.  From  the  time  of  Aristotle  (384  to  322  b.  c.)  and 
Pliny  (23  to  79  a.  d.),  through  all  the  generations  since,  scores  of  men  the 
world  over  have  given  their  entire  lifetimes  to  the  great  problems  of 
systematic  biology.  The  labors  of  these  thousands  of  students  have  far 
from  completed  the  task. 

The  concensus  of  opinion  of  students  of  the  present  day  is  that  life 
probably  originated  only  once  upon  the  earth  and  therefore4  that  all  living 
things  have  had  a  common  origin  and  have  grown  to  their  present  com- 
plexity of  forms  by  an  orderly  and  extremely  slow  process  of  ascent  and 
differentiation;  or  as  we  say  by  evolution,  in  which  the  principal  potent 
factors  have  probably  been   variation,   natural  selection,   and   heredity. 
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If  life  originated  but  once  on  the  earth  and  all  plants  and  animals  have 
been  derived  from  a  common  ancestor  by  a  gradual  process  of  specializa- 
tion and  differentiation,  it  follows  that  they  must  present  but  one  true 
arrangement  with  respect  to  their  blood  relationships  to  each  other.  To 
discover  and  record  this  arrangement  and  reveal  the  pathways  along 
which  each  creature  has  developed  is  to  make  a  natural  classification — 
the  ideal  of  systematic  botanists,  zoologists,  and  entomologists. 

All  persons  would  probably  agree  on  the  first  step  in  such  a  natural 
classification.  That  is,  to  make  two  great  categories  of  living  things, 
which  are  called  the  Animal  Kingdom  and  the  Plant  Kingdom.  If 
plants  and  animals  all  arose  from  the  same  original  spark  of  life,  the 
divergence  of  these  two  main  branches  of  living  things  must  have  come 
very  early,  because  they  have  so  many  points  of  difference.  It  is  gen- 
erally easy  to  distinguish  the  common  plants  from  the  common  animals, 
though  less  easy  to  point  to  distinct  differences  by  which  we  can  separate 
them  all.  Indeed,  there  are  some  minute,  intermediate  forms  of  life  that 
botanists  and  zoologists  cannot  definitely  place  as  either  plant  or  animal. 
The  truth  probably  is  that  they  are  neither  plant  nor  animal  but  inter- 
mediate forms  partaking  to  some  extent  of  the  characteristics  of  both 
groups.  This  fact  adds  support  to  the  great  truth  of  evolution  and  the 
theory  of  the  common  origin  of  all  life. 

Differences  between   Plants  and  Animals 

Animal   Kingdom. — Characteristically  Plant      Kingdom. — Characteristically 

free-moving  organisms.  sessile. 

Generally  assimilate  organic  foods.  Generally  take  inorganic  foods. 

Very  rarely  possess  chlorophyll.  Generally  possess  chlorophyll. 

Have  protoplasmic,  or  protein  cell  Have    cellulose    or    hydrocarbon    cell 

walls.  walls. 

The  last  of  the  characteristics  mentioned  above  appears  to  be  the  most  universal 
difference  between  all  animals  and  all  plants.  Since  insects  are  animals,  the  plant 
kingdom  is  dismissed  from  further  consideration  at  this  point. 

The  Phyla  of  Animals 

Taking  the  animal  kingdom  as  a  whole,  we  find  that  about  three- 
fourths  of  a  million  species  or  kinds  have  been  discovered  and  named. 
Practically  all  of  the  known  animals  fall  naturally  into  about  a  dozen 
important  groups  or  branches,  which  are  called  by  the  Latin  name  that 
means  branch,  namely  phylum  (plural  phyla).  Thus  one  large  phylum 
(the  Chordata)  includes  all  the  animals  that  have  a  backbone;  such  as 
birds,  fishes,  and  man.  Another,  the  phylum  Mollusca,  includes  such 
aquatic  shelled  animals  as  oysters  and  clams,  and  also  the  slugs  and  snails. 
The  phylum  Kchinodermata  embraces  those  radially  arranged  marine 
animals  known  as  starfishes,  sand  dollars,  and  many  others.  The  phy- 
lum  Annelida  includes  true  worms  such  as  earthworms  and  leeches. 
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Other  phyla  Bomewhal  less  well  known,  are  outlined  in  Table  IV, 
which  also  gives  tin"  well-known  examples  and  a  general  idea  of  the 
sise  of  each  phylum.     The  species  placed  in  each  branch  or  phylum  all 

have  what  are  thought  to  be  fundamental  characteristics  in  common; 
that  is,  they  are  kin,  and  resemble  each  other  in  many  respects,  as  a  horse 
does  a  cow.  It  may  seem  in  many  cases  that  the  resemblance  is  rather 
Blight,  such  as  that  between  a  bird  and  a  cat.     But  in  all  cases  it  is  much 

Table  IV. — The  Animal  Kingdom 

Estimated 
Phylum  Class  Examples  Number  of  Living 

Species  Described 

VERTEBRATES 

Chordata 

Mammalia  Man,  cat,  horse,  bat,  whale 3,750 

Aves  Birds,  fowls 13 ,  500 

Reptilia  Turtles,  snakes,  liz^ards,  alligators 4,000 

Amphibia  Frogs,  toads,  salamanders 1 ,  750 

Pisces  Fishes 13 ,  500 

INVERTEBRATES 

Minor 

Classes  Tunicates,  Balanoglosus,  etc 1  >500 

Total  Chordata 38,000 

Arthropoda  (See  Table  V  for  Classes  and  Examples) 675 .  000 

Mollusca  Snails,  slugs,  clams,  oysters 80 ,  000 

Echinodermata  Starfish,  sand  dollar,  sea  urchin 5,000 

Annelida  (Annulata)  Earthworm,  leeches 5 ,000 

Molluscoidea  Bryozoa,  brachiopods 2,500 

Platyhelminthes  Flatworms,  flukes,  tapeworms 6,500 

Nemathelmintb.es  Roundworms,  Trichina,  Filaria 3 ,500 

Trochelminthes  Rotifers,  wheel  animalcules 1 ,500 

Coelenterata  Jelly-fishes,  coral  animals,  Hydra 5,000 

Porifera  Sponges 3 ,  000 

Protozoa  Amoeba,  Paramoccium,  Euglena, 

malarial  organisms,  trypanosomes 15,000 

Grand  total 840,000 

greater  between  the  animals  of  the  same  phylum  than  between  those  of 
different  phyla.  Thus  the  bird  and  the  cat  have  fundamental  points  of 
likeness  in  the  eyes,  the  heart,  the  backbone,  and  the  limbs,  which  are 
obviously  greater  than  any  resemblance  between  either  of  them  and  a 
starfish,  a  worm,  a  sponge,  or  an  insect.  Each  of  the  latter  is  accordingly 
placed  in  a  different  phylum  from  that  to  which  the  bird,  cat,  and  other 
vertebrates  belong. 

The  phylum  that  is  most  familiar  to  us  is  the  one  to  which  we  belong, 
the  phylum  Chordata,  the  better-known  part  of  which  is  the  Vertebrates. 
The  most  evident  characteristic  of  this  phylum  is  that  the  animals  in  it 
have  a  backbone  or  dorsal  chain  of  bony  vertebrae  surrounding  the  spinal 
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cord.     The  vertebrates  include,  beaded  mar  and  all  the  other  mammals: 

birds;  snakes,  lizards,  alligators,  and  their  kind;  frogs  and  toads;  and 
fishes.  Certain  of  these  obviously  resemble  each  oilier  much  more 
closely  than  they  do  the  others.  Thus  a  cow,  a  horse,  and  a  cat  are 
clearly  more  alike  than  a  cow,  a  chicken,  a  snake,  and  a  fish.  To  express 
these  differences  between  animals  placed  in  the  same  phylum,  secondary 
groupings  known  as  classes  are  used.  Thus  in  the  phylum  Chordata  (the 
Vertebrates)  we  have  the  following  important  classes: 

Classes  of  Vertebrate  Animals 

Class  Mammalia,  the  hairy,  four-footed,  milk-secreting;  animals,  such 
as  man,  monkeys,  horses,  whales,  elephants,  bats,  squirrels,  dogs,  and 
ant  eaters. 

Class  Aves,  the  winged  and  feathered  animals,  such  as  the  chicken, 
sparrow,  robin,  eagle,  parrot,  ostrich. 

Class  Reptilia,  the  cold-blooded,  scaly,  air-breathing  animals,  such  as 
snakes,  lizards,  crocodiles,  and  turtles. 

Class  Amphibia,  the  cold-blooded,  soft-skinned  vertebrates,  whose 
young  breathe  by  gills  and  adults  by  lungs,  such  as  frogs,  toads,  and 
salamanders. 

Class  Pisces,  the  cold-blooded,  aquatic  animals,  typically  covered  with 
scales  and  having  fins,  such  as  carp,  salmon,  eel,  bass,  and  trout. 

Orders,  Families  and  Genera 

The  examples  given  under  the  class  Mammalia  show  clearly  that, 
while  these  animals  are  fundamentally  alike  in  the  possession  of  hair  and 
mammary  glands,  there  are  still  wide  differences  between  them.  For 
example,  some  of  the  Mammalia  lay  eggs,  like  the  anteaters,  while  most 
bring  forth  the  young  alive,  not  enclosed  in  an  eggshell.  Some  are 
adapted  for  life  in  the  water,  like  the  whales  and  porpoises;  the  append- 
ages of  some  are  clawed,  others  are  hoofed,  and  others  bear  nails.  These 
differences  are  used  as  the  basis  of  third-rate  categories  known  as  orders. 
Man  belongs  to  one  of  the  15  or  20  orders  of  the  class  Mammalia,  called 
the  order  Primates. 

The  order  Primates  is  divided  into  a  number  of  smaller  groups,  such  as 
the  lemurs,  the  apes,  several  kinds  of  monkeys,  and  man.  The  name  for 
the  divisions  of  an  order  is  family.  Unfortunately  the  word  family  has 
two  entirely  different  meanings.  It  is  used  in  a  social  sense  to  mean  a 
pair  of  individuals  and  their  immediate  offspring  (e.g.,  the  John  Smith 
family,  or  "a  bluebird  family"),  and  it  is  used  among  biologists  to  desig- 
nate a  category  of  lesser  scope  than  an  order,  often  embracing  thousands 
of  species,  and  millions  of  individuals.  Thus,  while  the  average  social 
family    comprises    perhaps    4    or  5  individuals,   the  taxonomic  family 
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HomintdcB  embraces  all  men  on  the  earth  of  whatsoever  race  or  color,  and 

includes,  therefore,  probably  1,750, 000, 000  individuals. 

Two  other  categories  of  successively  smaller  scope  than  the  family 
must  also  be  understood;  namely,  the  genus  and  the  species.  The  family 
to  which  man  belongs  has  only  one  genus,  the  genus  Homo.  Many 
families  of  animals  have  a  number  of  genera,  such  as  the  deer  family, 
which  is  known  as  the  Family  Cervidae.  The  American  elk  is  placed  in 
the  genus  ( Vrvus.  The  Virginia  or  white-tailed  deer,  the  mule  deer,  and 
the  black-tailed  deer  belong  in  the  genus  Odocoileus,  the  moose  in  the 
genus  Alces,  and  the  several  kinds  of  Caribou  in  the  genus  Rangifer. 
The  family  name  is  always  formed  by  adding  the  letters  idw  to  the  stem  of  the 
name  of  the  typical  genus.  Thus:  Cervus,  Ccrvidce;  Homo,  Hominidce; 
Musca,  Muscidce. 

The  Species 

The  innumerable  insects  and  other  living  things  about  us  naturally 
group  themselves  into  kinds  or  species,  as  every  one  knows  who  has  said 
"Here  is  a  new  kind  of  flower,"  or  "  What  kind  of  weed?"  or  "What  kind 
of  bird  is  this?"  Not  only  do  the  progeny  of  a  single  pair  associate 
together  closely,  but  many  other  individuals  of  the  same  kind  that  look 
exactly  like  them,  mingle  with  them,  behaving  in  the  same  manner, 
eating  the  same  kind  of  food,  building  nests  that  are  very  much  alike, 
mating  with  each  other,  and  continually  bringing  forth  new  individuals 
like  themselves. 

These  natural  kinds  which  normally  associate  in  nature  are  known  as 
species.  We  should  recognize  that  a  species  is  a  real  group  just  as  truly 
as  the  individual  animal  or  plant  is  real.  To  define  species,  however,  is 
difficult.  One  important  criterion  is  that  the  members  of  a  species 
generally  interbreed,  the  matings  producing  fertile  offspring;  while  mem- 
bers of  different  species  seldom  interbreed,  and  if  they  do,  the  offspring 
are  not  fertile.  One  species  differs  from  another  by  characteristics 
greater  than  the  differences  between  the  children  of  the  same  parents. 
These  specific  characteristics  are  constant  from  one  generation  to  another 
and  throughout  the  natural  range  occupied  by  that  species.  The  species 
is  the  natural  reproductive  unit  among  animals. 

It  is  not  always  easy  to  determine,  among  the  hundreds  of  similar 
creatures  occurring  in  any  environment,  where  the  limits  of  these  natural 
reproductive  units  come.  And  to  just  so  great  a  degree  as  we  fail  of 
determining  this,  our  classification  of  animals  is  erroneous,  incomplete, 
unsatisfactory,  and  subject  to  disagreement  and  dispute.  Most  of  our 
classifying  has  unfortunately  been  done  with  dead  and  preserved  speci- 
mens, and  we  rely  upon  the  structural  characters  exhibited  in  these 
preserved  specimens  to  point  out  the  natural  units  of  the  living  world. 
This  has  led  some  persons  to  the  idea  that  species  are  mere  subjective 
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conceptions,  fashioned  by  the  hand  of  man  for  his  convenience  in  referring 
by  a  single  name  to  a  group  of  individuals  thai  resemble  each  other  in 
certain  characteristics.  But  species  do  not  originate  in  the  cabinets  of  the 
museum  worker  or  under  the  microscope,  though  the  names  of  species 
may  be  originated  there.  Species  are  formed  by  the  hand  of  nature,  and 
many  of  them  were  present  on  the  earth  in  remote  times  before  systematic 
zoologists  or  botanists  or  entomologists  came  into  being,  just  as  truly  as 
they  are  today,  when  systematists  have  discovered,  named,  and  labeled 
over  three-fourths  of  a  million  of  them. 

Because  we  often  apply  inadequate  standards  in  recognizing  species, 
and  because  resemblances  which  seem  important  to  one  naturalist  may 
seem  trivial  to  another,  there  are  great  differences  of  opinion  about  how 
many  species  exist.  Too  often  we  have  classified  insects  according  to 
their  structure  alone,  and  indeed  very  often  according  to  the  structure  of 
only  one  part,  or  one  set  of  organs.  But  if  we  are  really  to  know  the 
groups,  as  nature  has  developed  them,  we  should  study  not  only  the 
structure  of  every  part,  but  also  their  habits,  mating,  development,  dis- 
tribution, and  perhaps  even  their  psychology  and  fossil  history. 

Because  of  the  great  number  of  insects,  the  species  is  a  fundamental 
conception  without  which  little  progress  in  economic  entomology  would 
be  possible.  If  we  had  to  cope  with  each  individual  insect  as  a  separate 
problem,  first  determining  its  status  as  friend  or  enemy,  and  then  working- 
out  a  scheme  of  control  for  it,  as  determined  by  its  structure  and  habits, 
our  task  would  be  utterly  hopeless.  But  all  of  the  individuals  of  a  species 
look  alike,  act  alike,  eat  the  same  kind  of  food  in  the  same  manner,  and  are 
controllable  in  exactly  the  same  way.  This  is  because,  for  the  most  part, 
insects  lack  initiative  or  intelligence.  That  is,  they  do  not  have  the 
ability  to  profit  by  experience,  but  depend  upon  instinct,  and  do  every- 
thing in  the  same  way  their  ancestors  have  done  for  thousands  of  genera- 
tions. All  chinch  bugs  feed  on  grass  plants,  and  fly  to  the  same  type  of 
winter  quarters,  and  crawl  on  foot  from  small  grains  to  corn  in  early 
summer,  and,  if  a  barrier  or  trap  is  provided,  they  fall  into  it  just  as  their 
ancestors  have  done  ever  since  man  has  been  trapping  them.  In  the 
same  way  all  boll  weevils,  all  codling  moths,  all  Colorado  potato  beetles, 
present  one  problem,  and  not  a  million  different  ones,  although  each 
species  may  be  represented  by  millions  of  individuals. 

Because  of  the  great  similarity  of  behavior  these  separate  individuals 
do  not  require  a  name.  But  every  species  of  insect  about  which  we  wish 
to  write  or  speak  must  have  a  name.  This  may  be  a  common  name.  In 
the  past,  common  names  have  been  applied  by  anyone  who  chose  to  apply 
them  and  without  rules  or  regulations.  Accordingly,  the  same  kind  of 
insect  may  have  many  different  common  names  in  different  communities, 
and  especially  in  different  countries.  Thus  the  corn  earworm  is  known  in 
different  sections  of  this  country  as  the  tobacco  budworm,  cotton  boll- 
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worm,  tomato  fruit  worm  and  vetch  worm.  The  squash  bug  is  also 
commonly  called  pumpkin  bug  and  stink  bug.  Furthermore  the  same 
common  name  is  often  applied  to  several  very  different  kinds  of  insects. 
For  example,  the  name  locust  in  Biblical  limes,  and  at  present  in  Europe, 
means  a  grasshopper,  while  to  many  of  us  it  means  a  kind  of  cicada. 
Recently  certain  rules  have  been  formulated  for  the  application  of 
common  names  of  insects,  and  lists  of  names,  approved  by  the  American 
Association  of  Economic  Entomologists,  have  been  published.1 

Dr.  F.  E.  Lutz,  in  his  delightful  "Fieldbook  of  Insects,"  has  termed  the 
common  names  of  insects  " nicknames."     He  says: 

There  are  thousands  of  kinds  of  native-born,  United  States  insects  which  have 
been  really  named  but  not  nicknamed  .  .  .  Often  real  names  are  no  longer 
or  harder  than  the  "common"  names.  An  insect  is  considered  to  be  christened 
when  some  student,  who  has  found  a  kind  which  he  thinks  has  never  been  named, 
publishes  a  description  of  it,  and  gives  it  a  properly  formed  name.  If  somebody 
had  previously  named  the  same  kind,  the  prior  name  usually  holds. 

It  is  evident  that  no  sound  progress  could  be  made  by  using  names  as 
various  and  ambiguous  as  the  nicknames  of  insects,  because  we  could 
never  be  sure  just  what  kind  of  insect  was  being  considered  by  a  speaker 
or  writer.  There  is  at  least  as  much  reason  for  insisting  that  each  impor- 
tant species  of  insect  pass  under  a  single  name  as  for  objecting  to  the 
use  of  pseudonyms  by  our  fellow  men.  This  points  to  the  necessity  for 
scientific  names.  Scientific  names  are  simply  names  applied  under  a 
set  of  rules  and  regulations  to  which  the  majority  of  systematic  workers 
have  agreed.  Scientific  names  are  written  in  Latin  form  since  Latin  is 
the  most  nearly  universal  language.  And,  being  a  dead  language,  its 
form  is  fixed  and  the  scientific  names  are  therefore  the  same  in  all  coun- 
tries and  all  languages.  If  these  names  seem  a  bit  strange  and  difficult 
to  use,  we  must  nevertheless  be  willing  to  concede  something  to  the  neces- 
sity for  exactness  and  uniformity,  and  to  equal  availability  to  all  races. 
In  the  latter  part  of  this  book,  the  scientific  name  of  each  economic 
species  discussed  is  given  in  a  footnote. 

By  general  agreement,  the  system  called  binomial  nomenclature  has 
become  universal.  By  this  system  every  species  is  given  a  name  of  two 
parts:  the  first  part  is  the  genus  name,  which  is  common  to  from  one  to 
many  similar  species  in  much  the  same  way  that  our  family  names  or 
surnames,  such  as  Johnson  or  Andrews,  are  common  to  all  members  of 
the  same  social  family;  and  the  second  part  is  the  species  name,  which 
must  never  be  given  to  more  than  one  kind  of  insect  in  the  same  genus, 
in  the  same  way  that  one  family  would  not  have  more  than  one  child 
with  the  same  Christian  name  or  given  name,  such  as  William  or  Richard. 

KJmir.  Econ.  Entomol,  Vol.  18,  pp.  521-545,  June,  1925;  Vol.  19,  pp.  797-799, 
Otoher,  1926;  and  Vol.  20,  pp.  837-839,  December,  1927. 
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Fig.  86. — A  diagram  to  show  the  relative  size,  in  numbers  of  known  species,  of  the 
various  animal  phyla,  of  the  classes  of  two  of  these  phyla  (the  Chordata  and  the  Arthro- 
poda),  and  of  the  orders  of  two  of  the  classes  (the  Arachnida  and  the  Hexapoda).  Each 
square  inch  of  this  diagram  represents  about  30,000  known  kinds  of  animals.  The  esti- 
mated number  of  species  in  each  group  is  given  in  Tables  IV,  V,  and  VI,  which  should  be 
studied  in  connection  with  this  diagram. 

The  figure  1  represents  minor  classes  of  the  Arthropoda;  2,  the  order  Siphonaptera; 
3,  the  order  Corrodentia;  4,  the  order  Ephemeroptera;  5,  the  order  Dermaptera;  6,  the 
order  Thysanoptera;  7,  the  orders  Anoplura,  Strepsiptera  and  Mecoptera;  8,  the  order 
Collembola;  and  9,  the  order  Thysanura.     (Original.) 
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By  usin^  a  Christian  name  with  a  surname  we  designate  each  of  our 

friends;  by  using  the  correct  species  name  with  I  lie  correct  genus  name, 
each  insect  kind  may  be  clearly  designated.  A  third  part  is  usually 
added  to  the  scientific  name  for  convenience  in  finding  the  original 
description  of  the  insect;  that  is,  the  name  of  the  person,  called  the 
(uifhor,  who  first  applied  that  particular  name  to  the  insect  along;  with  a 
published  description  of  it.  There  are  a  few  simple  rules  about  scientific 
oames  that  all  should  observe.  The  genus  and  species  parts  should 
always  be  printed  in  italics  or,  when  written,  should  be  underscored  once. 
The  author's  name  is  not  printed  in  italic  letters  or  underlined.  The 
melius  part  of  the  name  comes  first  and  is  always  written  with  an  initial 
capital  letter,  the  species  part  of  the  name  is  given  second  and  should 
always  begin  with  a  small  letter.  The  three  parts  of  the  name  are  written 
without  any  punctuation.  Thus  Anasa  tristis  DeGeer  is  the  scientific 
name  of  the  squash  bug.  This  name  tells  us  at  once  that  the  squash  bug 
belongs  in  the  genus  Anasa  and  the  species  tristis;  and  further,  that  it 
was  first  named  and  described  by  DeGeer,  who  was  a  Swedish  naturalist 
of  the  eighteenth  century. 

The  various  categories  of  successively  smaller  and  smaller  size,  from 
the  largest  (the  Animal  Kingdom)  to  the  smallest  living  unit  (known  as 
the  individual),  are  given  in  the  first  column  below.  These  are  used 
somewhat  like  the  divisions  of  the  earth's  surface,  given  in  the  last  column 
below,  in  which  each  larger  unit  includes  one  to  many  smaller  units.  By 
way  of  illustration  the  complete  classification  of  two  animals,  man  and 
the  house  fly,  are  also  given  in  t&rallel  columns: 


mgdom 

Animal 

Animal 

The  Earth 

"hylum 

Chordata 

Arthropoda 

Hemispheres 

Class 

Mammalia 

Hexapoda 

Continents 

Order 

Primates 

Diptera 

Nations 

Family 

Hominidse 

Muscidae 

States 

Genus 

Homo 

Musca 

Counties 

Species 

sapiens 

domestica 

Townships 

Variety 

Caucasian 

Sections 

Individual 

John  Smith 

Any  house  fly 

Farms 

The  relation  of  the  different  categories  to  each  other,  and  some  con- 
ception of  their  relative  size,  may  be  gained  by  a  study  of  Fig.  86.  In 
this  figure  the  heavy  black  lines  mark  off  the  phyla  of  animals.  A  definite 
area  on  the  paper  has  been  alloted  to  each  group  in  proportion  to  the 
number  of  species  known  to  scientists.  The  lighter,  solid  lines  mark 
off  the  proportionate  size  of  the  classes  of  Chordata  and  Arthropoda;  while 
the  broken  lines  further  subdivide  the  class  Arachnida  and  the  class 
Hexapoda  into  their  named  orders.  It  may  be  noted,  for  example,  that 
the  order  Coleoptera  is  not  only  the  largest  order  of  animals,  but  is 
actually  several  times  as  large  as  the  entire  phylum  Chordata  or  Mollusca. 
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The  Pm  li  m  Arthropoda 

In    Chape.    Ill    and    IV,    the    important    structural   and    functional 

characteristics  of  insects  were  described.  No  single  one  of  these  charac- 
teristics will  define  an  insect  and  distinguish  all  insects  from  all  other 
kinds  of  animals.  For  example,  the  segmented  body,  bilateral  symmetn/, 
paired  jointed  appendages,  chitinous  exoskeleton,  ventral  nervous  system,  and 
dorsal  heart  are  the  characteristics  of  the  entire  phylum  Arthropoda, 
which  includes  besides  the  true  insects,  many  other  creatures  such  as 
crayfish,  crabs,  lobsters,  sowbugs,  centipedes,  millipedes,  spiders,  mites, 
ticks,  scorpions,  harvestmen,  and  many  others.  The  phylum  Arthropoda 
is  the  largest  phylum  in  the  animal  kingdom,  and,  aside  from  the  verte- 
brates, the  phylum  of  most  importance  to  man.  This  phylum  embraces 
five  important  and  well-known  classes,  of  which  insects  (the  class  Hexa- 
poda)  is  one  (see  Table  V).     More  than  75  per  cent  of  all  the  animal 


Classes 

Hexapoda  (Insecta1) 
Chilopoda 
Diplopoda 
Arachnida 


Table  V. — The  Phylum  Arthropoda 
Examples 

All  true  insects 

Centipedes  or  hundred-legged  worms 
Millipedes  or  thousand-legged  worms 


Orders  of  the 
Class  Arachnida 
Scorpionida 
Phalangida 
Araneida 
Acarina 
Minor  Orders 


Estimated 
Number  of  Living 
Species  Described 

625,000 
1,000 
1,000 


Scorpions 600 

Harvestmen  or  daddy-long-legs 2 ,  000 

Spiders 15,500 

Mites  and  ticks 8 ,  000 

Pseudoscorpions,  whip  scorpions 1 ,  400 


Crustacea 
Minor  classes 


Tot;il  Arachnida 

Crayfish,  lobster,  crab,  sowbug,  barna- 
cles, water  fleas,  cyclops 

Peripatus,  king  crab,  Symphyla, 
Myrientomata 

Total 


27.500 

20,000 

500 


675,000 


kinds  hitherto  found  and  named  belong  in  the  phylum  Arthropoda  and 
more  than  90  per  cent  of  these  are  true  insects.  The  class  Hexapoda  is 
further  analyzed  in  the  following  chapter,  and,  except  for  a  number  of 
references  to  mites  and  ticks,  the  remainder  of  this  book  is  devoted  to 
a  discussion  of  important  examples  of  insects. 

The  possession  of  three  pairs  of  legs,  three  body  regions,  and  wings 
are  characteristic  things  that  mark  off  the  insects  from  the  other  Arthro- 
pods. Each  of  the  other  four  classes  is  distinguished  by  certain  structural 
features  not  possessed   (at  least  in  their  entirety)  by  the  rest  of  the 
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Arthropods.     In  common  usage,  many  of  the  representatives  of  these 
other  classes  are  considered  to  be  "bugs"  and  the  species  of  economic 

importance    are    deal!    with    chiefly    by   entomologists.     Hence    a    brief 
discussion  is  given  here  of  the  classes  Chilopoda,  Diplopoda,  Arachnida, 

and  Crustacea  (see  also  'Table  V). 

Class  Chilopoda:  The  Centipedes  or  Hundred-legged  Worms  (Fig. 
87).— The  closest  relatives  of  the  true  insects  are  the  centipedes.  Like 
the  insects,  fchey  have  a  single  pair  of  antennae,  they  breathe  by  tracheae, 
and  the  reproductive  organs  open  at  the  posterior  end  of  the  body.     They 


Fig.   87. — A  giant  centipede  from  the  southeastern  United  States,  feeding  on  a  white  grub. 
Note  the  size  as  compared  with  chair.      (Photograph  from  life  by  A.   R.   Cahn.) 

differ  from  insects  in  having  neither  thorax  nor  wings,  and  in  the  large 
number  of  legs,  typically  one  pair  to  each  body  segment.  They  are 
wormlike  in  form,  but  differ  from  the  true  worms  (c/.  Fig.  45,  A)  in 
having  a  distinct  head  and  definite  jointed  legs.  They  are  usually 
somewhat  flattened.  There  is  a  pair  of  poison  claws  or  legs,  on  the 
first  segment  behind  the  head,  that  are  used  to  paralyze  insects  and 
other  prey  that  they  devour.  The  centipedes  may  as  a  group  probably 
be  considered  beneficial,  although  some  of  the  species,  especially  the 
larger  ones,  which  in  the  tropics  may  reach  a  length  of  18  inches,  some- 
times inflict  very  painful  bites  upon  man. 
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Class  Diplopoda :  The  Millipedes  or  Thousand-legged  Worms  (Fig. 
ir>,  D).  Millipedes  arc  superficially  much  like  centipedes  but  differ  in 
the  following  important  respects.     The  legs  arc  still  more  numerous 

than  in  the  centipedes,  each  apparent  body  segment  having  two  pain 
of  legs.  The  body  is  typically  round  in  cross  section,  not  flattened; 
there  are  no  poison  legs;  the  antenna)  are  short;  and  the  reproduc- 
tive organs  open  far  forward  close  to  the  head.  The  millipedes  gener- 
ally feed  on  decaying  vegetable  matter,  but  some  species  attack  growing 
crops  in  damp  soil,  eating  either  the  roots,  or  the  leaves  that  lie  close 
to  the  ground.  They  are  sometimes  mistaken  for  wire  worms  and  may 
be  serious  pests  in  fields  and  greenhouses.  Many  of  the  species  have  an 
offensive  odor. 

Class  Arachnida:  The  Spiders,  Ticks,  and  Their  Relatives. — Next 
to  the  insects,  the  largest  class  of  Arthropoda  is  the  class  Arachnida,1  to 
which  the  spiders,  scorpions,  mites,  ticks  and  harvestmen  belong.  The 
Arachnida  resemble  insects  in  their  small  size,  in  their  predominately 
terrestrial  habits,  and  in  the  possession  of  tracheae.  They  differ  radi- 
cally, however,  in  having  four  pairs  of  legs;  in  having  no  antennae,  true 
jaws  or  compound  eyes;  in  having  only  two  body  regions,  the  head  and 
thorax  being  grown  together  into  one  region;  in  the  curious  " book- 
lungs"  used  for  respiration;  in  not  having  a  conspicuous  metamorphosis; 
and  in  the  position  of  the  openings  from  the  reproductive  organs  which 
are  near  the  front  of  the  abdomen.  There  are  a  number  of  orders  in 
this  class  of  which  the  following  need  mention  here. 

Class  Arachnida:  Order  Araneida. — This  large  order  includes  all  of 
the  spiders — a  group  of  animals  rivaling  the  snakes  in  their  ability  to 
frighten  people.  Comstock,  the  author  of  "The  Spider  Book,"  has  well 
said:  "Few  groups  of  animals  are  more  feared,  and  few  deserve  it  less." 
All  spiders  have  a  pair  of  venomous  jaws  and  live  on  insects  which  they 
poison  with  their  bites.  They  can  bite;  and  occasionally  such  bites 
may  become  infected  and  result  seriously.  But  probably  in  all  the 
world  there  are  not  more  than  a  few  species,  if  any,  that  are  capable  of 
killing  man  by  their  bites.  Comstock  assures  us  that  there  are  no 
species  in  the  northern  United  States  that  we  need  to  fear.  The  large 
"tarantula"  (Fig.  88)  which  comes  into  our  midst  in  bunches  of  bananas, 
is  capable  of  killing  birds  and  small  mammals  by  its  bite.  It  apparently 
cannot  kill  a  man,  and  besides,  it  seems  hard  to  persuade  it  to  bite  a 
person.  This  has  been  shown  by  the  experiments  of  Baerg  in  Arkansas.2 
Among  our  native  spiders,  the  one  having  the  worst  reputation  is  the 
"hour-glass  spider"  or  "black  widow"  (Latrodectus  mactans)  (Fig.  89). 

1  Care  should  be  taken  not  to  confuse  the  name  of  this  class,  Arachnida,  with  the 
name  of  the  phylum,  Arthropoda,  since  the  names  somewhat  suggest  each  other  to  the 
beginner. 

2  Annals  Entomol.  Soc.  Am.,  Vol.  18,  pp.  471-478,  1925. 
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Fig.  88. — Tarantula,  about  one-half  natural  size.      (From  Herrick's  ''Insects  Injurious  to 
the  Household."     Copyright  1914,  by  The  Macmillan  Company,  reprinted  by  permission.) 


Fig.  89. — The  hour-glass  spider,  female,  one  of  the  few  dangerous  Bpiders  in  the  United 
States.  Above,  the  ventral  side  of  the  body,  to  show  the  characteristic  red,  hour-glass- 
shaped    spot.      Below,    dorsal    view.      Twice    natural    size.      (From    Hi  rrick'a    "Manual    of 

I njurious  Insects.") 
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The  female  is  about  '2  inch  long,  bare,  and  coal  black  all  over  except 
for  a  curious,  brick-rod,  hour-glass-shaped  spot  on  the  under  side  of  the 
abdomen. 

Not  only  are  most  spiders  harmless  to  man,  but,  because  of  the 
insects  they  devour  they  are  exceedingly  beneficial.  There  are  no 
species  injurious  to  crops.  But  everywhere  in  the  garden,  the  meadow, 
the  fencerow,  the  orchard,  or  in  buildings  one  finds  them  quietly  sitting 
in  wait.  Who  shall  estimate  the  number  of  pests  they  devour  before 
the  latter  have  had  opportunity  to  damage  our  plants  or  our  animals? 
Anyone  who  can  overcome  his  prejudices  against  these  delightful  little 
creatures,  will  find  them  most  interesting  entertainers.  There  are  few 
better  "shows"  than  to  watch  a  spider  spin  her  web,  or  to  watch  the 
elaborate  courtship  of  the  males.  One  is  much  impressed  by  the  disad- 
vantage in  size  which  the  male  shows,  for  he  is  always  much  smaller. 
Someone  has  figured  out  that  the  disproportion  would  sometimes  be 
equivalent  to  that  between  a  man  6  feet  tall  and  weighing  150  pounds, 
and  a  woman  90  feet  tall  and  weighing  100  tons.  And  when  one  considers 
that  her  disposition  often  is  to  kill  the  male  immediately  after  mating  with 
him,  one  appreciates  the  poor  chance  male  spiders  have  for  a  long  life. 

One  of  the  most  characteristic  things  about  spiders  is  their  habit  of 
spinning  silk.  This  is  used  in  a  variety  of  ways:  (a)  Chiefly  it  serves  as 
a  snare  to  capture  food.  It  is  quite  a  wonderful  thing  for  a  dumb 
animal  to  manufacture  and  set  a  trap.  We  know  of  none  of  the  higher 
animals  except  man  that  do  this,  although  it  is  done  by  some  of  the 
insects.  (6)  It  forms  tubes  or  tents  for  protection,  (c)  It  forms  sacs  for 
protection  of  the  eggs  and  newly  hatched  young,  (d)  It  is  used  for 
locomotion.  Spiders  descend  from  higher  to  lower  levels  by  spinning  out 
a  thread  as  they  let  themselves  slowly  down.  Some  spiders  climb  to  a 
high  point,  and  resting  on  their  front  legs  begin  to  spin  silk,  supporting  it 
by  the  hind  legs  until  the  loose  end  is  caught  by  the  breeze.  More  and 
more  is  thrown  out  until  finally  this  simple  kite  exerts  pull  enough 
to  carry  the  spider  away.  This  can  usually  be  observed  in  the  open 
country  on  any  bright  autumn  day. 

Class  Arachnida:  Order  Acarina  (Fig.  90). — Mites  and  ticks  can 
usually  be  told  at  a  glance  from  spiders  or  insects,  because  the  body  is  all 
one  region,  there  being  little  indication  of  either  body  regions  or  segments. 
They  are  like  the  spiders  in  the  matter  of  appendages,  and  some  of  them 
spin  silk.  A  curious  feature  is  that  the  newly  hatched  young  have  only 
three  pairs  of  legs.  They  breathe  either  by  tracheae  or  directly  through 
the  skin.  The  only  difference  between  mites  and  ticks  is  a  difference  in 
size;  that  is,  the  larger  members  of  this  order  (Fig.  90,  A)  are  called 
ticks,  while  the  smaller  ones  (B)  are  called  mites. 

The  economic  importance  of  the  mites  and  ticks  is  at  least  fourfold: 
(a)  Some  of  them  injure  plants.     For  example;  the  red  spiders  and  the  gall 
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mites,  (o)  A  Qumber  of  species  are  found  on  or  in  the  bodies  of  insects. 
Some  of  (hem  are  said  simply  to  be  riding  upon  the  insects  to  a  new 
feeding  ground,  but  at  least  some  species  are  parasitic  upon  the  insects. 
Thus  the  Isle-of-Wight  disease  among  honeybees  is  caused  by  a  kind  of 


Fig.  90. — A  tick,  the  spotted-fever  tick  (from  Cooley)  and  one  of  the  smaller  members  of 
the  same  order,  usually  called  a  mite,  the  tropical  fowl  mite.  Much  enlarged.  (From 
Cleveland) . 

mite  that  lives  in  the  tracheae  of  the  bee.  (c)  Many  species  are  parasitic 
upon  other  animals,  including  man.  Here  the  most  notorious  examples 
are  the  cattle  tick,  the  Rocky  Mountain  spotted-fever  tick,  the  poultry 
mite,  itch  mite,  scab  mite,  and  scaly-leg  mite. 
(d)  Many  of  the  parasitic  species  are  to  be 
feared  because  they  are  the  known  and  only 
carriers  of  some  animal  diseases.  Thus  Texas 
fever  is  transmitted  only  by  the  bite  of  the 
cattle  tick,  Rocky  Mountain  fever  of  man  only 
by  the  spotted-fever  tick,  and  fowl  spirochetosis 
by  the  fowl  tick  (see  also  Table  I,  pp.  24,  25). 
The  important  species  of  Acarina  are  further 
discussed  in  the  following  chapters,  in  connec- 
tion with  the  crops  and  animals  they  injure. 

Class   Arachnida:   Order  Scorpionida   (Fig. 
91). — The  scorpions  are  common  in  the  south- 
western part  of  the  United  States  and  other 
subtropical  and  tropical  regions.     They  are  well      Fig.  91.— A  pair  of  scorpions 
known  at  least  by  name  to  nearly  everyone,  be-  in  tho  attitudes  assumed  during 

.  .  .  .  courtship.     About  natural  size. 

cause  of  their  reputation  as  stingers.      I  he  sting   (From  Fakrc.) 

is  borne  at  the  tip  of  the  abdomen.     The  latter 

is  unusually  long,  and  the  terminal  half  of  it  much  more  slender  than  the 

basal  half.     In  addition  to  the  four  pairs  of  walking  legs,  scorpions  have 

the  pedipalps  developed  to  very  large  size,  and  provided  with  a  pair  of 

pinchers  so  that   they  appear  to  have  five  pairs  of  legs.      The  pedipalps 
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are  used  to  gnUBp  prey  and  the  abdomen  is  then  curled  forward  over  the 
hack  and  the  stinger  plunged  into  the  victim  to  paralyze  it. 

The  young  are  horn  after  hatching  from  the  eggs,  and  they  are  said  to 
be  carried  about  by  the  mother  for  a  time  after  birth,  clinging  with  their 


Fig.  92. — A  harvestman  or  daddy-long-legs.      Natural  size.     (From  Sling erland.) 

pinchers  to  her  body.     They  are  nocturnal  creatures  that  forage  about  at 
night,  catching  and  stinging  spiders  and  insects.     They  may  probably  be 


Fig.  93. — A    crayfish    about    natural    size.      (From    Fcrnald's    "Applied    Entomology.") 


considered  a  beneficial  group.     Their  sting,  although  capable  of  causing 
a  painful  wound  to  man,  is  probably  never  fatal. 

Class  Arachnida:   Order  Phalangida   (Fig.  92). — The  harvestmen  or 
daddy-long-legs  are  familiar  to  all  out-of-door  persons.     They  look  much 
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Like  very  long-legged  Bpiders,  but  close  examination  will  show  that  the 

body  is  not  divided  by  a  slender  waist.  The  Legs  are  carried  with  the 
"knees"  high,  and  the  body  swung  low  between  them.     The  creatures 

have  a  noticeable  odor  that  probably  discourages  many  enemies,  and 
Comstock  suggests  that  the  ease  with  which  the  legs  separate  from  the 
body  is  a  protective  adaptation,  enabling  them  to  get  away  from  predators 
that  grasp  them  by  a  leg — minus  that  leg! 

The  food  of  the  harvestmen  is  not  well  known.  Some  authors  state 
that  they  feed  largely  upon  insects,  others  that  they  take  only  dead 
insects  and  soft  fruits  and  other  plant  tissues.  At  any  rate  they  are  not 
known  to  have  any  injurious  or  objectionable  habits. 

Class  Crustacea :  The  Crayfish,  Crabs,  Sowbugs,  and  Their  Relatives 
Figs.  93  and  94). — The  crayfish,  lobsters,  and  crabs  are  the  largest  and 


In,,   94. — The  greenhouse  pillbug.     Left,  extended;  right,  rolled  into  a  ball.       Enlarged 

(From  U.  8.  D.  A.  Farmers'  Bull.  1362.) 

best  known  representatives  of  this  class.  They  are  farthest  removed 
from  the  insects  of  any  of  the  classes  of  Arthropods  discussed  in  this  book. 
They  have  five  pairs  of  walking  legs,  paired  jointed  appendages  on  the 
abdomen,  two  pairs  of  antennae,  and  only  two  body  regions.  Unlike 
insects  they  have  no  tracheae  and  breathe  by  blood  gills  or  through  the 
skin.  The  forms  most  likely  to  be  confused  with  insects  are  the  small 
terrestrial  sowbugs  and  pillbugs  which  abound  under  boards,  logs,  in 
greenhouses,  and  other  damp  places.  The  pillbugs  have  the  habit  of 
rolling  themselves  into  a  nearly  perfect  sphere  when  disturbed.  They 
are  sometimes  injurious  in  greenhouses. 

In  this  chapter  we  have  seen  that  all  the  insects  constitute  one  class 
(the  class  Hexapoda)  of  one  of  the  phyla  (the  phylum  Arthropoda)  of  the 
animal  kingdom.  We  have  also  seen  what  are  their  general  relationships 
to  the  other  important  classes  of  this  phylum.  In  the  following  chapter  a 
t  bird  step  in  classification,  the  division  of  t  he  insect  class  into  its  orders,  is 
explained. 


CHAPTER  VIII 

THE  ORDERS  OF  INSECTS 

In  the  preceding  chapter,  the  place  of  insects  in  the  animal  kingdom 
was  discussed  and  it  was  pointed  out  that  the  insects  constitute  the 
largest  of  all  animal  groups.  Indeed,  about  75  per  cent  of  all  the 
known  kinds  of  living  animals  are  insects.  In  spite  of  their  great  num- 
bers, insects  have  so  many  important  characteristics  in  common  that 
they  are  all  included  in  one  class,  the  class  Hexapoda.  Between  600,000 
and  700,000  different  kinds  have  been  discovered,  properly  named,  and 
described.  Thousands  of  new  kinds  are  being  found  every  year,  indi- 
cating that  we  are  far  from  having  reached  a  full  knowledge  of  this 
class.  The  number  of  kinds  that  are  probably  living  in  all  parts  of 
the  earth  according  to  Gossard1 

...  is  variously  estimated  at  from  2,500,000  to  10,000,000,  with  the  probabili- 
ties favoring  the  latter  figure  as  the  more  nearly  correct.  Assuming  the  maximum 
figure  to  be  correct,  in  what  a  field  does  the  entomologist  find  himself!  Suppose 
that  he  attempts  to  familiarize  himself  with  each  species  so  that  he  will  recognize 
it  the  next  time  he  sees  it.  Since  his  task  is  obviously  great,  we  will  start  him 
at  it  at  the  age  of  5  years  and  allot  him  5  minutes  in  which  to  study  each  species, 
giving  him  one-half  of  the  time  to  a  male  specimen  and  one-half  to  a  female. 
Lest  he  should  become  lazy,  we  will  provide  him  with  electric  lights  and  keep  him 
working  day  and  night  and  lest  he  should  become  fat,  we  will  forbid  him  to  eat 
except  as  he  is  able  to  snatch  mouthfuls  from  the  5-minute  intervals  during  which 
he  is  expected  to  fix  in  his  memory  the  anatomical  characters,  color  patterns,  etc., 
which  differentiate  each  species  from  every  kindred  one.  Working  in  this  manner 
and  at  this  rate,  the  rains  of  nearly  100  summers  will  have  fallen  on  his  roof  before 
the  last  representative  of  the  long  procession  of  insects  has  passed  before  him. 

Obviously  none  of  us  shall  ever  learn  to  know  all  of  the  kinds  of  insects! 
Obviously,  too,  no  one  need  be  surprised  if  an  entomologist  cannot  tell 
him,  offhand,  the  name  of  every  insect  encountered.  The  field  is  so  vast 
that  it  is,  in  its  finer  aspects,  beyond  the  comprehension  of  any  one  man. 

A  good  working  knowledge  of  the  groups  of  insects,  however,  is  within 
the  grasp  of  any  earnest  student.  The  largest  groups  of  insects  are  known 
as  orders.  About  25  orders  are  commonly  recognized  by  entomologists. 
Some  of  these  contain  only  a  few  species  which  are  so  rare  as  to  be  almost 
never  encountered.  A  number  of  others  contain  many  species  common 
and  interesting  but  of  no  great  importance  to  man.  In  the  following- 
table  (Table  VI)  are  listed  23  orders,   and  from  these  are  selected  for 

1  Gossard,  H.  A.,  Jour.  Econ.  Entomol,  Vol.  2,  p.  314,  October,  1909. 

170 


THE  ORDERS  OF  INSECTS 


17 


| 


8S 


d 

c 
_  c 

c 

"*£ 


g 

E  <n 

■e  m 

*  .    ° 

4)    ._ 

i-  a   is 

9  o 

o  c   o 


1 


0 

s  ° 

°  G 
fa 


X 


OOOCO    OO    §      S 

ccccoooa    S 
oeocoooi-     .    «o 


-< 
Q 
O 
- 

X 

a 

K 

-< 
J 

o 

a 

a 

H 

&. 
o 

03 

OS 

a 
o 
os 
O 

B 

a 


a 
a 

3 


J* 


^3 


■2  if? 

05   ~  a 

■^ 

^£  | 

op 

^<  a.>> 

ft:  oj 

a.^    . 


v. 


01 


IE  53 
>   O 


a 
a 

©  a,  O 
is  ^  go 

2  >   S 


bl 


tt 


■  «  s  fc  w 


53  a 

.a-c 


.2  *  » 


°3  33 
CO—  ^* 

O   «   ri 
—   a   ~ 

C    ;    O 


a    .  a 

■£*-° 

?   C3     O 

s  .a  j2 


S^G    ?2     0?  9> 


ri  C32 


a:  g-S  £  >>i  a 


CO* 

ha  O 


OOO 
coo 


a, 

w 

w 

-. 

B   : 

1 

6* 

1 

6£ 

1- 

O 

C 

»/ 

a 

v. 

1* 

'5 

fell 

e 

i* 

O 

a 

0 

"3 

0 

U   0/ 

0  <s 

0 
s  ° 

fa 

0 

0/ 

0  a 

>  0 

a 

a> 

OCOOO 

0 

O 

Q 

0 

5 

0 

O  O  O  'O  0 

0 

O 

O 

0 

©-Hld-I© 

0 

O 

c 

s 

•■ 

O       N       N 

0 

<o 

<o 

iq 

0/ 

35 

Tl 

00 

t^ 

<N 

■1 

c5 


•  00  a, 

„  o  •»  s 

o-—  s  o 

—   3j2  it   fe 

--Q  ©  e 


3  o  ^  1- 
^  S  o  £-K 

-J_4    ~    .      . 


03         CO 


«    6L  V  .        ^    ^ 

.s  a     ■»    - 

m   ~    <0  i? .~    00 


a^  '?    .&   ^  «"«  fe  - 


h    .a.S  5      Joj 


pq 


ac 

M*  co 
c;    »  s  cc 

CO  .—  cu 

ro  if 

■oa  S  o 
».A.2  ° 


J3  2 


l-s 

«  a 

J3   O 

HO 


c8  -.  c3    oJ 

2«o  2  -5? 
53 -is  t.  ^  g      a  S 

a  55  a  -£  a  >-  "O  ft 
rtS«co*^a 
5  C^a  c  «  a  r  rj 
t  S  ft-c^i  oo,2 


a. 


=■ 

03 


2- 

O  0>  c 


3 

-r 
99 
a 

-a 


2  »  g  2  S    »      o.     2 

*o.z.<lX     ft      2       & 


^  as^i  a 


'3. 


^H    «-i      W 


-  s 
a  a 

il 

.5  a) 

■a  « 

■    - 


.a  3 


5    ^=  r  C 


G   6£  ^ 

•o.S  •- 

I  i  S 

t  _  a 

u   O  C 


■ 


ti 


G   >     G  - 


I     IS   I 


B-S 

>  3 

1-  5 

1  - 

"S  a 

c  ^ 

E  a 

3 - 

O  o 
fc-  3 

fc   I 

0    t£ 

6£  G 
C'cj 
■r  u 
S   - 

ia 


G 
e3 
£ 


o  2 
o  o 

h 

GO 
CO  — 

«  0 

_   SfS 

/.     ^    - 

u 
O 

■N     g  - 
>. 

C   G 

<s  r 


=-  t 


&a 


o    o 


a  h 


a  u 
.  > 

a  - 
^- 
£^ 

go 
|g 

c  a 
g  >, 

«    H-G 

o  - 


172 


DESTRl  t'TIVE  AND  USEFUL  INSECTS 


special  study  13  orders  which  contain  species  of  importance  to  man,  and 
these  are  printed  in  black  face  type. 

ORDER  THYSANURA 

The  Bristletails,  or  Silverfish 

This  is  one  of  the  smallest  orders  in  number  of  known  species,  but 
it  is  included  here  for  two  reasons.  It  contains  a  few  species  known  as 
silverfish,  fish  moths,  slickers,  or  firebrats  that  are  great  household  pests. 
These  are  further  discussed  in  the  chapter  on  Household  Insects  (see  p. 
744)  and  it  need  be  said  here  only  that  these  carrot-shaped,  swift-running 
nocturnal  pests  (Fig-  95)  are  often  injurious  to  stores  of  paper  stock, 

book  bindings  or  lettering,  card  labels  or  in- 
dices, wall  paper,  and  similar  starched  or  sized 
articles  which  they  eat.  Another  reason  for 
placing  the  Thysanura  in  the  list  for  special 
study  is  that  they  may  represent  a  very  lowly 
offshoot  from  the  insect  family  tree.  Together 
with  the  Collembola,  they  make  a  group,  called 
the  primitively  wingless  insects,  which  are  very 
different  in  structure  and  metamorphosis  from 
the  higher  insects.  Many  insects  such  as  fleas, 
lice,  some  ants,  and  aphids  are  wingless 
throughout  all  the  stages  of  their  life.  Study 
has  shown  that  the  kinds  just  named  are  wing- 
less by  specialization  or  degeneration.  The 
members  of  the  order  Thysanura,  however, 
are  believed  to  be  insects  that  never  had 
wings  in  their  ancestry,  having  branched  off 
from  the  insect  stock  before  the  latter  evolved 


Fig.  95. — A  common  house- 
hold silverfish  (  T  her  mob  ia 
domestica Packard),  a littlelarger 
than  natural  size.  (From  A'<7- 
logg's  "American  Insects,"  after 
Haward  and  Marlatt.) 


wings. 


Because  of  the  absence  of  wings  in  the  Thysanura,  they  may  be  said  to 
have  no  metamorphosis.  The  young,  also  called  nymphs,  grow  gradually 
toward  the  adult  condition  without  any  appreciable  change  in  form  or 
appearance  except  the  change  in  size  (Fig.  78).  The  mouth  parts  are  of 
the  chewing  type,  sometimes  curiously  set  into  the  head  cavity  so  that^ 
only  the  tips  of  the  parts  project  from  the  surface.  Compound  eyes  are 
present  in  some  species,  degenerate  in  others  and  wanting  in  some.  The 
antennae  are  long  and  many  jointed  and  most  species  have  at  the  tail  end 
of  the  body  two  or  three  bristle-like,  many-jointed  appendages  something 
like  antennae,  from  which  the  common  name  is  given.  Some  of  the  species 
have  leglike  structures  on  the  segments  of  the  abdomen,  a  condition 
unique  among  insects.  The  body  is  very  soft,  but  is  covered  with 
scales  or  hairs,  which  give  it  a  shiny  appearance  and  also  account  for  the 
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oame  fish-moths.  Thysanura  live  a  hidden  life,  being  found  in  cracks  and 
crevices  about  buildings,  under  stones,  and  in  the  soil  among  leaf  mold. 
When  disturbed  they  scuttle  about  with  great  rapidity.  Most  of  the 
species  are  thought  to  be  scavengers. 

Primitively  wingless  insects.  Mouth  parts  chewing.  Abdomen  of  10  or 
11  segments.  Antenna  very  long,  many -segmented.  A  pair  of  long  cerci 
at  the  posterior  end  and  sometimes  three  such  antenna-like  tails.  Sometimes 
rudimentary  legs  on  the  abdominal  segments.     No  metamorphosis. 

ORDER  COLLEMBOLA 
The  Springtails  and  Snow  Fleas 

The  springtails  are  small-to-minute  insects,  often  occurring  in  enormous  numbers 
on  the  surface  and  in  the  soil  of  woodlands,  in  decaying  vegetable  matter,  on  the  sur- 
face of  stagnant  water,  or  on  snow  and  other  damp  places. 
They  are  seldom  noticed  except  by  those  who  seek  them. 
The  points  of  principal  interest  about  them  are  that  they 
are  entirely  and  primitively  wingless,  that  they  have  a 
forked  muscular  appendage  at  the  tip  of  the  abdomen 
which  is  used  in  springing  into  the  air  (Fig.  96),  and  that 
they  occasionally  become  pests  about  maple-sap  buckets, 
in  mushroom  beds,  or  on  seedlings  in  greenhouses. 

Primitively    wingless    insects.     Mouth    parts    chewing;  .     '    ..     "        .e.    s^° 

i         •  *     A     r  '  j       ,r  ,    •  ..        .   i  ..  j  ;L       spnngtail    (Papirius    mac- 

sunken  into  the  head.     Matpighian  tubes  wanting  and  the    uiosus  Schott)  about  six  times 

tracheal  system  very  slightly  developed.     Never  more  than    natural  size.     Note  the  ad- 
six  abdominal  segments,  the  first  with  forked  adhesive  organ     hesive    tube    between    first 

or  ventral  tube,  shown  between  the  first   and  second  pairs     and  second  pairs  of  legs  and 

.  '  *  /  the  extended  spring  behind. 

of    legs    in   the   figure,    and    the   fourth    with    a    forked     {From  Kellogg' s  "American 

spring.     A  yitennoe  of  few  segments.     Development  without  a     Insects.") 

metamorphosis. 

ORDER  ORTHOPTERA 

Grasshoppers,  Crickets,  Katydids,  and  Others 

This  large  order  includes  some  very  primitive  insects,  such  as  the 
roaches;  some  that  are  well  known  to  everyone,  like  katydids  and  crickets; 
and  some  that  are  very  destructive  to  crops,  like  grasshoppers.  They  are 
mostly  large  insects,  and  many  of  the  species  make  sounds,  so  that  they 
attract  a  great  deal  of  attention.  The  groups  that  make  noises  have  the 
hind  legs  unusually  long  and  powerful,  and  progress  by  jumping.  The 
sounds  are  not  voices.  They  do  not  come  from  the  mouth,  but  are 
produced  by  rubbing  rough  surfaces  of  the  body  together.  In  the  crickets 
and  katydids,  specialized  parts  of  the  front  wings  are  rubbed  together  to 
make  the  sounds.  In  some  grasshoppers  the  front  and  hind  wings  are 
rubbed  together;  others  rub  the  inner  surface  of  the  hind  leg  (the  femur) 
over  the  outer  edge  of  the  front  wing.  It  is  the  males  that  produce  these 
sounds,  the  females  almost  never  having  special  organs  for  this  purpose. 
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Both  sexes,  however,  commonly  have  Bound-perceiving  organs  or  "ears" 
(see  p.  98). 

All  of  the  Orthoptera  have  well-developed  chewing  mouth  parts. 
Many  kinds  feed  on  plants,  others  on  small  animals,  and  still  others  are 
scavengers.  The  metamorphosis  is  a  gradual  one,  the  nymphs  generally 
passing  through  five  instars.  Most  species  live  exposed  on  plants  or 
hidden  on  the  surface  of  the  ground,  but  a  few  burrow  into  the  soil  and 
:i  very  few  take  to  the  water.  The  wings  when  present  are  four  in 
number,  the  front  pair  narrow  and  thickened,  but  with  the  veins  showing, 
and  capable  of  bending  without  breaking,  somewhat  like  a  piece  of 
leather.     The   hind   wings   are  thin;   often   brightly   colored   and   with 

many  veins;  broadly  triangular,  and, 
when  brought  to  rest,  they  fold  along- 
radiating  straight  lines  from  the  base, 
like  a  fan,  and  are  laid  back  over 
the  abdomen,  so  that  they  are  cov- 
ered by  the  front  wings  (see  Fig. 
219).     The    antennse    are    generally 

.,     „„      .  ,  ,    .  .        long    and    prominent,    the    legs   are 

rio.  97.     A.  common  short- winged  cricket,  r  . 

Gryilus    aasimilis    (Fab.),    female.    Note  long,  the  prothorax  is  large,  and  the 

the  long    spear-shaped  ovipositor  and,  just    tip  of  the  aDdomen  is  provided  with 
above    its    base,    the    two    cerci.      (F rom        r  .  r 

Kellogg' a  "American  insects.")  a  pair  of  cerci  and  often  with  a  prom- 

inent ovipositor  in  the  female  (Fig. 
97) .  Here  belong  some  of  the  largest  of  all  insects,  a  Venezuelan  grass- 
hopper that  measures  6}^  inches  in  length,  and  African  walking  sticks 
10  inches  long.  In  temperate  latitudes  most  species  spend  the  winter 
in  the  egg  stage. 

Mouth  parts  chewing.  Wings  four,  sometimes  greatly  reduced  or 
wanting.  The  front  pair  narrow,  somewhat  thickened  but  distinctly  veined. 
The  hind  pair  membranous,  broad,  and  folded  fanlike  when  at  rest.  Cerci 
and  an  ovipositor  generally  present.     Metamorphosis  gradual. 

Important  economic  species  of  this  order  are  grasshoppers(pp.  327, 
and  441),  tree  crickets  (p.  637),  and  roaches  (p.  742). 

The  Families  of  Orthoptera 

The  families  of  Orthoptera  are  so  distinct  that  certain  writers  have  proposed 
separate  orders  for  some  of  them.  The  first  three  families  discussed  have  been  called 
the  singing,  jumping  Orthoptera  (Saltatoria),  since  most  of  the  males  have  stimu- 
lating organs,  and  all  have  the  hind  legs  noticeably  longer  and  stouter  than  the  others. 
In  the  females  the  ovipositor  is  usually  well  developed.  The  tarsi  have  fewer  than 
five  segments  in  these  three  families. 

Family  Locust  idee  (also  called  Acrididce).  The  Grasshoppers  or  Locusts  (see  Figs.  216 
to  219).  These  are  moderately  long  insects,  a  little  flattened  from  side  to  side,  with 
prominent  heads  and  large  eyes,  all  characteristically  active  in  the  daytime.  The 
antenna*  are  always  much  shorter  than  the  body,  the  tarsi  have  three  segments,  and 
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the  "ears"  isee  fig.  46)  are  found  on  the  sides  of  the  first  abdominal  segment.  The 
ovipositor  consists  of  tour  short,  finger-like  pieces,  well  separated  (Fig.  46).  These 
are  used  tothrusl  the  eggs  into  the  soil  or  into  soft  wood,  ^  inch  or  1  inch  below  the 
surface  (Fig.  216).     The  eggs  are  formed  into  definite  masses  of  20  or  more  each,  and 

are  surrounded  by  a  frothy,  gummy  substance  which  hardens  to  form  a  protective  case 
for  them.     There  is  usually  only  one  generation  a  year. 

Fa  mil;/  TettigoniidcB  (also  called  Locustidcr).  The  Long-horned  Grasshoppers, 
Green  Meadow  Grasshoppers,  Katydids  (Fig.  98),  Cave  and  Camel  Crickets. — These 
arc  more  delicate  and  less  hardy  insects  than  the  true  grasshoppers,  but  of  somewhat 
similar  form.  They  are  often  nocturnal,  and  can  be  distinguished  from  the  grass- 
hoppers by  their  very  long  antennae,  often  longer  than  the  body,  and  by  having  four 
BegmentS  in  each  tarsus.  The  "ears"  are  on  the  base  of  the  front  tibiae  (see  Fig.  47, 
A)  and  the  ovipositor  is  sword-shaped,  the  four  pieces  being  flattened  and  closely 
appressed.  The  eggs  are  laid  singly  or  in  rows  often  on  or  in  leaves,  stems,  or  twigs, 
but  some  lay  them  in  the  soil.  There  is  only  one  generation  a  year.  As  a  rule  they 
eat  either  plants  or  small  animals.     Only  a  few  of  them  are  serious  pests. 


Fig.  98.— The 
eggs.  Natural  si 
Riley.) 


angular- winged    katydid,     Microcentrum    launfolium    (Linn.),    and    its 
e.      {From    Sanderson    and    Jackson,    "Elementary    Entomolouy,'"     after 


Family  Gryllidce.  Crickets  (Fig.  97),  Tree  Crickets  (see  Fig.  432),  Mole  Crickets. — 
These  are  usually  somewhat  short,  dark-colored  Orthoptera  with  the  tarsi  three-seg- 
mented like  the  grasshoppers,  but  the  antennae  very  long.  In  those  kinds  that  have 
wings  and  produce  sounds,  the  "ears"  are  found  on  the  front  tibiae  (Fig.  47,  A).  The 
ovipositor  is  a  long,  spear-shaped  tube.  The  front  margin  of  the  wings  is  bent  sharply 
down  over  the  sides  of  the  abdomen,  like  the  edge  of  a  box  lid.  The  eggs  are  laid  in 
groups  in  the  soil  or  inserted  into  the  stems  of  plants. 

Crickets  are  nocturnal  and  negative  to  light,  and  feed  upon  a  great  variety  of 
substances.  The  tree  crickets  are  slender  greenish  kinds  that  live  among  tall  weeds, 
trees,  or  bushes,  and  sometimes  cause  damage  by  slitting  twigs  and  depositing  their 
eggs  in  them  (see  Fig.  5,  B).  A  curious  fact  is  that  the  male  has  glands  opening  on 
the  upper  side  of  the  thorax  from  which  the  female  feeds  at  the  time  of  mating. 
The  mole  crickets  often  burrow  and  make  nests  in  the  soil  in  the  vicinity  of  water. 
They  eat  plant  roots,  other  insects,  and  earthworms.  The  body  is  covered  with  fine, 
brown,  velvety  hairs  and  the  front  legs  (Fig.  47,  A)  are  remarkably  developed,  both 
for  digging  and  to  act  like  a  pair  of  scissors,  which  some  investigators  think,  are  used 
to  cut  off  small  roots  that  are  in  their  way.  The  ordinary  black  field  crickets  and  the 
"cricket  of  the  hearth  "  are  other  well-known  representatives  of  this  family.  Crickets 
often  do  damage  in  grain  fields  by  cutting  the  twine  used  to  bind  sheaves. 

The  last  three  families  of  Orthoptera  have  been  called  the  mute,  non-jumping 
Orthoptera,  since  they  make  no  particular  sounds  and  do  not  have  the  hind  legs 
enlarged  for  leaping.  The  tarsi  are  always  five-segmented  in  these  families  and  the 
ovipositor  is  concealed  or  wanting. 
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Family  Phatrmida.     Walking  sticks,    Walking   Leaves,    Devil's   Doming   X<i<n< 
(Pig    '•'»       Our  common    representatives  of   tins   famil}    are  extremely   elongate, 
cylindrical,  wingless,  with  long  still"  legs  and  very  long,  slender  antennas.     The) 
round  feeding  upon  the  foliage  of  trees,  but  also  often  resting  about  buildings.     They 

move  but  little  and  in  a  very  stealthy  manner,  and  are  doubtless  often  overlooked 
by  their  enemies  because  they  look  so  much  like  slender  sticks,  being  good  examples 
of  the  phenomenon  known  as  protective  resemblance.  The  eggs  are  simply  dropped 
by  the  females,  one  at  a  time,  as  they  rest  among  trees,  and  have  often  been  said  to 
make  a  noise  like  the  patter  of  rain  drops,  when  the  insects  are  abundant.  They  are 
harmless  to  man  except  that  they  may  injure  trees  by  eating  the  Leaves, 


Fig.  99. — A  walking  stick  in  its  usual  environment  among  leaves  and  twigs.  The 
head  is  just  above  the  center  of  the  picture,  with  the  long  front  legs  projecting  straight 
forward  toward  the  upper  right.     (From  Slinaerland.) 


Family  Blattidce.  The  Roaches  or  Cockroaches  (see  Fig.  499). — This  family 
has  been  called  the  running  Orthoptera.  The  body  is  flattened,  the  head  is 
bent  downward  and  backward  and  is  not  prominent.  The  prothorax  is  very  large, 
the  legs  are  long  and  bristly,  the  hind  pair  only  moderately  larger  than  the  others,  but 
the  coxae  are  all  very  large.  The  wings  may  be  well  developed,  short,  or  wanting; 
they  lie  flat  over  the  back,  crossing  over  somewhat  toward  the  tip. 

Cockroaches  usually  have  a  bad  odor,  and  they  frequent  all  sorts  of  filthy  places 
and  dusty  crevices,  so  that  they  are  inexpressibly  dirty.  They  are  common  in 
kitchens,  bakeries,  and  restaurants,  and  may  be  carriers  of  disease  germs.  The  eggs 
are  formed  into  packets,  enclosed  in  seedlike  cases,  and  these  so-called  oothecse  are 
often  carried  about  by  the  female  partly  extruded  from  the  abdomen  until  the  nymphs 
hatch  from  them  (see  Fig.  499,  /) 

Cockroaches  are  very  sensitive  to  cold.  Many  species  live  out-of-doors,  and  in 
moist  tropical  countries  are  very  abundant.  Four  or  five  species  have  the  habit  of 
living  in  dwellings  and  other  buildings.  These  will  be  further  considered  under  the 
discussion  of  household  insects. 

Family  Mantidce.  Praying  Mantes,  "Mule  Killers"  (Fig.  100). — These  remark- 
able creatures  have  curious  habits  and  odd  structures.     The  common  name  comes 
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from  the  manner  in  which  they  I10M  up  the  front  < -i > « I  of  the  body,  with  its  enormous 
front  legs,  as  though  in  :m  attitude  <>f  prayer.  They  mighl  also  be  called  preying 
mantes,  for  they  are  the  only  family  of  Orthoptera  thai  seems  to  be  exclusively 
carnivorous,  eating  oilier  insects. 

The  body  is  elongate,  the  prothorax  and  fore  coxas  especially  long,  and  the  front 
legs  so  modified  that  they  can  grasp  small  insects  between  I  he  spiny  tibia- and  femora, 
the  former  closing  against  the  latter  like  a  knife  blade  against  its  handle  (see  Fig.  47, 
Q),  The  wings  are  usually  well  developed,  hut  the  mantes  commonly  remain  quiet  in 
one  place  until  some  insect  comes  wit  hin  reach.  They  Sometimes  cautiously  stalk  their 
prey.  The  eggs  are  laid  in  large  masses  an  inch  or  so  long  in  a  frothy,  gummy  sub- 
stance, on  the  twigs  of  trees.  These  ferocious  but  beneficial  insects  are  not  commonly 
found  north  of  the  40°  of  latitude.  They  never  hurt  man  or  the  large  animals.  Some 
tropical  species  of  this  family  are  very  broad  and  have  the  fore  wings  so  modified  as 
to  resemble  leaves,  both  in  shape,  color  and  venation. 


Fio.    100. — A  praying  mantis,  Stagmomantis  Carolina  (Linne).     About  natural  size. 
Comstock's  ''Introduction  to  Entomology,"  Comstock  Publishing  Co.) 


(From 


ORDER  DERMAPTERA 

The  Earwigs 

The  earwigs  are  beetle-like  insects  easily  distinguished  from  the  Coleoptera  by  the 
prominent  forceps  at  the  rear  end  of  the  body  and  by  their  gradual  metamorphosis. 
The  mother  broods  over  her  nest  of  eggs  in  the  soil  and  guards  the  young  nymphs 
(Fig.  101).  The  food  is  variable,  some  species  attacking  plants  in  an  injurious  manner, 
others  catching  insects,  and  others  feeding  on  decaying  matter.  Sometimes  they 
become  serious  pests  in  and  about  houses,  although  the  superstition  that  they  attack 
people  in  the  ears  is  absurd. 

Front  wings  beetle-like,  meeting  in  the  middorsal  line,  but  very  much  shorter  than  the 
abdomen.  Hind  wings  membranous,  ear  shaped,  the  vein-  radiating  from  the  middle  of 
the  costal  margin.  Often  wingless.  A  conspicuous  pair  of  hooks  or  forceps  at  the  end 
of  the  abdomen.     Mouth  parts  of  the  chewing  type.     Metamorphosis  gradual. 

ORDER  EPHEMEROPTERA   (EPHEMERIDA) 
The  May-flies,  Lake-flies,  or  Shad-flies 

These  delicate,  defenseless  creatures  (Fig.  102)  often  appear  in  surprising  numbers 
in  cities  near  lakes  or  streams,  being  strongly  attracted  by  lights.  They  live  but  a 
few  hours  or  a  few  days  as  adults,  but  this  is  often  proceeded  by  one.  two  or  three  years 
of  life  beneath  the  water  as  nymphs. 
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Tin;  nymphs  (Fig.  102,  B)  feed  mostl}  on  living  or  dead  aquatic  vegetation  and 
breathe  through  tracheal  gills.     The)  are  important  as  food  for  fishes.     The  adults 

take  no  food,  but  are  frequently  a  nuisance  because  their  dead  bodies  accumulate  in 

windrows  on  streets  and  about  watering  places  and  smell  bad. 


Fig.   101. — A  female  earwig  brooding  over  her  nest  of  eggs. 

Sta.  Bull.  207.) 


(From  Fulton,  Ore.  Agr.  Exp. 


Slightly  chitinized  adults,  living  but  a  short  time,  and  molting  once  after  reaching  the 
winged,  adult  stage.  Four,  net-veined,  gauzy  wings,  folding  vertically  over  the  back,  when 
at  rest;  the  hind  pair  much  smaller,  rarely  wanting.  Mouth  parts  of  charing  type,  but 
degenerate  or  wanting  in  adults.     Antenna'  very  short.     Two  or  three,  very  long,  slender, 


Fig.  102. — A  May-fly  (Ephemera  varia  Eaton).  A,  the  adult;  B,  the  nymph,  about 
natural  size.  Note  the  tracheal  gills  on  abdomen  of  the  nymph.  (From  Comstock,  after 
Needham,  Comstock  Publishing  Company.) 

many-jointed  "tails."  Genital  openings  double.  Metamorphosis  gradual,  the. nymphs 
aquatic,  elongate;  the  abdomen  with  two  or  three  slender  tails  and  seven  (or  fewer)  pairs 
of  tracheal  gills  along  the  sides  and  on  the  back  of  the  abdomen.  A  single  claw  on  each 
nymphal  tarsus. 
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ORDER  ODONATA 

The  Dbagonflies  (Fig.   L03     lnd  Damselflies 

The  adults  are  aerial;  experl  flyers;  abounding  about  ponds  and  streams;  catching 
and  eating  other  insects  on  the  wing  (see  p.  54).  The  nymphs  (Fig.  103,  /.  '.  8}  are 
aquatic,  walking  or  hiding  on  the  bottom  of  ponds  and  streams  and  catching  other 
BmaU  animals  lor  food.  The  development  of  a  generation  generally  requires  about 
a  year,  bul  some  require  Beveral  years.  Odonata  are  of  value  to  man  by  their  feeding 
on  horseflies  and  mosquitoes  and  as  food  for  fish. 


Fig.  103. — A  dragonfly,  adult  and  nymphs.  At  1  and  3  two  nymphs  are  shown 
catching  prey  with  the  extended  labium.  2  is  a  mature  nymph  ready  to  change  to  the 
adult.  4  is  the  shed  skin  (exuviae)  from  which  the  adult  (5)  has  emerged.  (From  Sander- 
son and  Jackson,  after  Brchm.) 

Chewing  mouth  parts.  Four  membranous,  slender,  finely  net-veined  wings  of  about 
equal  size;  near  the  middle  of  the  front  margin  is  a  short,  heavy  cross-vein  and  a  slight 
notch,  like  a  joint;  and  near  the  tip  of  the  front  wings  a  dark  stigma.  Antennae  very  small. 
Compound  eyes  large.  Abdomen  very  long  and  slender.  Copulatory  organs  of  male  on  the 
second  abdominal  segment,  separate  from  the  openings  of  the  vasa  deferentia.  Meta- 
morphosis gradual,  the  nymphs  developing  in  the  water  and  being  provided  with  a  very 
long  labium,  used  in  capturing  prey,  and  folding  like  a  mask  over  the  face  when  not  in 
use  (Fig.  103,  /,  cf.  4). 

There  arc  two  suborders  differing  as  follows: 

The  Anisoptera  or  Dragonflies  The  Zygoptera  or  Damselflies 

Hind  wings  broader  at  base,  not  folded  Two  pairs  of  wings  of  same  size  and 

but  held  in  a  horizontal  position  at  sidesof     shape,  narrow  at  base;  folded  back  over 


body  when  at  rest.     Strong  flyers. 


Eyes  do  not  project  from  the  side  of 
the  head. 

Kggs  laid  on  the  water  or  on  aquatic 

plants. 

Nymphs  breathe  through  tracheal  gills 
inside  of  the  rectum,  and  the  forcible  ejec- 
tion of  water  from  the  amis  propels  ihe 
Qymphs  forward. 


the  abdomen  or  up  over  the  back,  like 
those  of  a  butterfly,  when  at  rest.      Feeble 

flyers. 

Byes  projecting,  constricted  at  the 
base. 

Egg8  thrust  into  the  stems  of  aquatic 
plants. 

Nymphs  breathe  by  three  leaf-like 
trachea]  .mils,  projecting  from  the  end  of 
the  abdomen. 
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ORDER  PLECOPTERA 

Stone-flies 

Those  retiring  insects  are  seldom  seen  except  by  those  who  seek  them.  They  live 
near  streams,  resting  on  stones,  trees,  and  bushes,  or  flying  over  the  water.  Some 
species  are  not  attracted  to  lights.  The  adults  (Fig.  104)  have  rather  long  antenna-, 
but  the  tail-like  cerci  are  much  shorter  than  in  the  May-flies;  and  the;  hind  wings  are 
much  broader  than  the  front  pair.  The  wings  fold  flat  over  the  back,  giving  the 
insects  a  straight-sided,  square- shouldered  appearance  when  resting.  The  nymphfl 
develop  in  the  water,  being  common  on  the  upper  sides  of  stones  in  swift  streams. 


Fig.  104. — A  stone-fly,  Taniopteryx  pacifica  Banks,  much  enlarged.  A,  dorsal  view  of 
adult  about  four  times  natural  size;  B,  mandibles;  C,  last  segment  of  female  from  below: 
D,  labium;  E,  maxilla;  F,  labrum,  dorsal  half  at  left,  ventral  half  (epipharynx)  at  right. 
{From  Newcomer,  in  Journal  Agric.  Research,  Vol.  XIII.) 


They  feed  mostly  on  diatoms,  algae,  and  other  small  plant  and  animal  forms.  In 
contrast  with  May-fly  nymphs,  they  usually  bear  their  gills  on  the  thorax  and  have  two 
claws  on  each  leg  (Fig.  79,  A).     Their  only  importance  to  man  is  as  food  for  fishes. 

Wings  four,  netted  veined;  jr out  pair  narrow,  hind  pair  very  broad,  folding  like  a  fan; 
abdomen  thinly  chitinized.  Mouth  parts  of  the  chewing  type  but  often  reduced.  Meta- 
morphosis gradual. 

ORDER  ISOPTERA 

Termites  or  "White  Ants"  (Fig.  105) 

These  are  the  yellowish-white,  soft-bodied  "wood  ants"  that  we 
see  so  often  in  countless  numbers  in  logs  or  stumps  or  in  timbers  of 
buildings  or  in  wood  lying  in  contact  with  the  soil.     They  are  not  ants 
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al  all,  being  very  different  from  ants  in  structure  and  in  metamorphosis. 
One  easy  way  to  distinguish  them  from  ants  (sec  order  Hymenoptera)  is 
to  Dote  that  the  base  of  the  abdomen  is  broadly  joined  to  the  thorax 
and  not  by  a  slender  petiole. 

Their  chief  resemblance  to  ants  is  in  their  colonial  or  social  life. 
This  is  a  curious  condition,  found  in  this  order  and  in  some  of  the  Hymen- 
optera, in  which  only  a  few  of  the  many  individuals  become  parents,  all 
the  others  devoting  themselves  to  the  care  of  the  thousands  of  offspring 
from  the  few  "kings"  and  "queens."  These  kings  and  queens  are  not 
rulers  in  any  sense,  but  simply  reproductive  individuals  that  do  not 
even  feed  themselves.  In  the  termites,  in  contrast  with  the  ants,  bees, 
and  wasps,  the  males  live  a  long  time  and  mate  repeatedly  with  the 
queens,  and  all  termite  eggs  are  fertilized.  Some  of  them  develop  into 
kings  and  queens,  which  are  dark  in  color  and  which  have  four,  similar, 


b  c 

Fig.  105. — A  common  North  American  termite.  Above  a"  left  a  worker;  below  a  male 
with  right  wings  removed;  at  right  a  queen  after  she  has  lost  her  wings  and  her  eggs  have 
developed,  distending  the  abdomen.  Note  the  thick  waisted  condition  of  all.  (From 
Kellogy's  "American  Insects.") 


long,  narrow  wings  with  many  indistinct  veins  (see  Fig.  496).  These 
wings  are  used  only  for  a  single  flight,  after  which  the  wings  are  broken 
off  along  a  suture  of  weakness  near  the  base,  and  then  pairing,  and, 
subsequently,  copulation  take  place.  Often  great  swarms  of  winged 
ones  appear  in  spring  in  an  infested  building  and  first  call  attention  to 
the  presence  of  the  species. 

Some  of  the  eggs  develop  into  the  castes  known  as  soldiers  and 
workers.  Here  again  there  is  a  striking  difference  from  the  ants  and 
other  social  Hymenoptera:  the  soldiers  and  workers  are  of  both  the 
male  and  female  sex;  but  the  reproductive  organs  are  not  usually  devel- 
oped. The  workers  and  soldiers  are  entirely  wingless  throughout 
life,   and  generally  blind.     Nevertheless,  they  have  a  strong  negative 
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reaction  fco  light  and  rarely  show  themselves  outside  of  the  nest,  tin- 
soil,  or  the  wood  in  which  they  are  working.     If  they  must  croeB  an 

exposed  place,  a  covered  runway  of  soil  and  body  secretions  is  built. 
The  workers  build  nests,  supply  food,  care  for  the  eggs,  feed  the  young 
and  the  queens  and  kings,  and  perform  all  other  duties  for  the  colony. 
The  mouth  parts  are  of  the  chewing  type;  the  mandibles  of  the  soldier 
caste  enormously  enlarged,  and  borne  on  very  large  heads. 

The  food  of  termites  is  primarily  wood,  and  often  dead,  hard  wood,  in 
which  there  is  apparently  little  except  cellulose,  a  material  not  usually 
digested  by  the  larger  animals.  The  digestive  tracts  are  packed  with 
protozoa,  and  it  is  believed  that  the  termites  live  on  the  products  of  the 
digestion  by  the  protozoa,  and  not  on  the  cellulose  directly.  Termites 
are  great  pests  of  all  kinds  of  products  of  wooden  origin  (see  p.  30  and 
Figs.  15  and  16).     They  also  attack  living  plants. 

Termites  are  really  a  tropical  group.  In  Africa  and  other  tropical 
lands  they  build  enormous  nests,  a  dozen  feet  tall,  containing  incalculable 
numbers  of  workers.  The  queens  of  tropical  species  may  reach  a  length 
of  4  or  more  inches,  and  they  are  said  to  produce  eggs  at  the  rate  of  60  or 
more  a  minute. 

Colonial  insects,  living  in  great  nests  or  colonies,  like  ants,  and  with 
several  castes.  Abdomen  wide  where  it  joins  the  thorax,  and  with  a  pair  of 
cerci  at  the  end.  Mouth  parts  chewing.  Metamorphosis  simple.  Only 
the  kings  and  queens  normally  reproduce;  they  are  four-winged,  often  dark- 
colored.  The  wings  are  equal  in  size,  long,  narrow,  with  membrane  some- 
what thickened  and  the  veins  indistinct;  laid  flat  over  their  backs  when  not  in 
flight,  and  usually  broken  off  after  the  pairing  flight,  along  a  joint  of  weakness 
near  the  base.  The  workers,  soldiers  and  other  castes  do  not  regularly 
reproduce.     They  are  wingless,  usually  pale-colored  and  soft-bodied. 

ORDER  CORRODENTIA   (PSOCOPTERA,  COPEOGNATHA) 

Book  Lice,   Dust  Lice,   Bark  Lice,   Deathwatches 

Often  as  one  opens  an  unused  book  or  disturbs  some  old  papers,  a  very  small 
yellow  insect  runs  across  the  page.      If  one  examines  such  an  animated  speck  under  a 


Fig.  106. — A  book  louse,  greatly  enlarged.  Fig.   107. — A  winged  bark  louse,  thirteen 

(From    Comstock's     "Introduction    to   Ento-       times  natural  size.      (From  Kellogg' s  "  Amer- 
mology,"  Comstock  Publishing  Co.)  ican  Insects.'') 

lens,  one  finds  a  wingless,  soft-bodied  insect  with  well-developed  head,  chewing  mouth 
parts,  small  compound  eyes,  antennae  nearly  as  long  as  the  body,  and  six  large  legs 
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(Fin.  106).  Relatives  of  fchifl  book  louse  live  on  the  bark  of  trees  and  some  of  them 
have  four  membranous  wings  (rarely  covered  with  scales  like  mot hs).  They  look 
like  aphids  bu1  have  the  veins  of  the  wing  peculiarly  kinked  as  shown  in  figure  107. 
\t  rest  the  wings  are  held  rooflike  over  the  back.  A  structural  peculiarity  of  this 
order  is  the  "pick"  or  rod  attached  to  each  maxilla  and  working  in  and  out  of  the 
softer  part  of  the  maxilla  like  "a  piston  sliding  to  and  fro  in  its  cylinder."1 

The  known  importance  of  this  order  is  not  very  great.  Those  thai  live  indoors 
may  occasionally  become  pests  by  feeding  on  paper,  starch,  grain,  and  other  sub- 
stances in  damp  places,  :md  one  species  has  been  accused  of  Spreading  plant  diseases 

Minute  insects;  wingless  or  with  four  membranous  wings  with  few  veins;  the  first  pair 
larger  ami  at  rest  held  roof  like  over  the  abdomen.  Mouth  parts  chewing,  with  a  curious 
rod  in  the  maxilla.  Prothorax  small,  tarsi  two-  or  three-segmented  and  cerci  wanting. 
The  metamorphosis  is  vera  simple. 

ORDER  MALLOPHAGA 

Chewing  Lice  or  Bird  Lice2 

There  are  two  groups  of  lice  that  make  their  homes  continuously  on 
the  bodies  of  warm-blooded  animals.  These  two  orders  (Mallophaga 
and  Anoplura)  agree  in  never  showing  any  trace  of  wings;  in  being  flat- 
tened, oval,  tough-skinned,  external  parasites;  in  gluing  their  eggs  to  the 
hairs  or  the  feathers  of  the  host ;  and  in  spending  all  their  lives  generation 
after  generation  on  the  same  host  animal.  The  members  of  the  other 
order,  the  Anoplura,  suck  blood;  but  the  Mallophaga  have  chewing 
mouth  parts  and  subsist  on  bits  of  hair  or  feathers,  skin  scales  or  the 
dried  blood  from  scabs.  Another  noteworthy  difference  is  that,  whereas 
the  Anoplura  are  confined  to  the  mammals  or  hair-bearing  animals,  the 
Mallophaga  occur  on  both  birds  and  mammals.  By  far  the  greatest 
number,  however,  are  found  on  birds,  nearly  every  kind  of  wild  or  domesti- 
cated bird  being  attacked  by  one  or  more  kinds  of  chewing  lice.  As  a 
general  rule,  one  species  of  louse  will  seldom  live  on  more  than  one  species 
of  bird;  but  the  chicken  has  more  than  40  species.  Cattle,  horses,  sheep, 
dogs,  and  cats,  also  are  attacked,  but  none  of  the  chewing  lice  live  on 
hogs  or  man.  The  species  that  live  on  birds  normally  run  very  rapidly 
when  they  are  exposed.  But  the  ones  that  live  on  mammals,  have  the 
tarsus  highly  modified  into  a  clamp  for  clinging  to  the  hairs,  and  move 
about  but  awkwardly.  The  nature  of  this  clamp  is  explained  in  the 
discussion  of  the  Anoplura,  which  have  a  similar  structure  (see  Fig.  17.  E). 
The  metamorphosis  is  a  very  simple  one;  almost  the  only  change  from 
hatching  to  maturity  being  an  increase  in  size,  in  thickness  of  the  body 
wall,  and  in  darkness  of  coloring. 

1  Maxwell  Lefbot,  Manual  of  Entomology,  Longmans,  Green  &  Co.,  1923. 
-  These  lice  have  often  been  called  biting  lire  in  an  attempl  to  distinguish  them 
from  the  Anoplura.     This  Beems  absurd,  for  if  the  victims  of  the  attacks  were  asked 

which    kind   of  lice  ubite"   they  would  undoubtedly  say  the   Anoplura.   which   insert 

sharp  styleta  into  the  skin  to  -nek  the  blood;  and  not  these  forms,  which  at  most  only 

nihhle  ;it  the  skin. 
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The  charing  lice  are  small,  wingless,  flattened  insects  (see  Figs.  545  and 
546),  mostly  ! .-,  to  J^5  inch  long,  with  large,  broad  heads,  rounded  in  fro/it, 
and  bearing  short  antenna?  often  hidden  in  grooves  of  the  head.  The  eyes  an 
degenerate.  The  legs  are  not  very  large,  tarsi  one-  or  two-segmented,  with  one 
or  two  claws.  The  prothorax  is  distinct,  and  the  body  often  covered  with  hairs. 
Mostly  parasitic  on  the  bodies  of  birds,  but  some  species  on  mammals. 
Mouth  parts  chewing;  not  bloodsuckers;  the  labial  palps,  sometimes  all  four 
palps,  wanting.      No  cerci.      Metamorphosis  gradual  or  wanting. 

Important  species  of  Mallophaga  are  chicken  lice  and  other  lice  of 
poultry  (see  p.  817),  the  little  red  louse  or  chewing  cattle  louse  (see  p. 784), 
the  chewing  horse  louse  (p.  773)  and  the  red-headed  sheep  louse  (p.  807). 

ORDER  THYSANOPTERA 

The  Thrips  (Fig.  108) 

The  thrips  are  minute,  agile  bugs,  rarely  as  long  as  }i  inch.  They  live 
in  flowers  or  on  other  parts  of  plants,  feeding  on  the  sap.  Many  species 
are  serious  pests  of  fruits,  vegetables,  flowers,  and  field  crops. 

With  the  order  Thysanoptera  we  take  up  the  first  insects  with  other 
than  the  chewing  type  of  mouth  parts.  The  mouth  parts  of  thrips  (see 
Fig.  69)  are  unique,  in  some  respects  being  intermediate  between  the 
chewing  and  the  piercing-sucking  types.  They  have  two  pairs  of  palps, 
like  the  former,  but  the  mandibles  and  maxillae  are  suggestive  of  the  form 
in  the  Hemiptera  and  Homoptera.  The  head  bears  well-developed 
compound  eyes  and  ocelli,  and  well-developed  but  not  extremely  long 
antennae.  The  head  capsule  tapers  downward  in  the  shape  of  a  cone  to  a 
small  mouth  opening  at  its  lowermost  part  (Fig.  108,  7).  Around  this 
opening  are  the  two  maxillary  and  the  smaller  two  labial  palps.  The 
labium  is  not  elongated  into  a  beak,  but  fused  into  the  head  cone.  In  and 
out  of  this  funnel-like  opening  three  slender  jabbers  or  stylets  operate  by 
end  thrusts  to  lacerate  the  epidermis  of  the  plant.  The  sap  which  exudes 
is  then  sucked  up  through  the  mouth  of  the  cone.  The  three  stylets  con- 
sist of  the  left  mandible  (the  right  being  degenerated)  and  the  two  maxillae. 

Two  other  structural  peculiarities  of  thrips,  the  wings  and  the  tarsi, 
need  explanation.  In  some  species  one  of  the  sexes  and  in  other  species 
both  sexes,  are  wingless.  Many  of  the  species  have  four  wings  which  are 
extremely  narrow  and  almost  without  veins.  The  wing  membrane 
would  scarcely  be  sufficient  to  sustain  the  insects  in  flight.  The  wing, 
however,  is  fringed  with  close-set  long  hairs  to  furnish  resistance  to  the 
air  in  flight,  somewhat  like  the  long  feathers  on  the  wing  of  a  bird.  This 
gave  the  order  the  name  Thysanoptera,  which  means  bristle  wings.  The 
other  peculiarity  is  in  the  foot.  The  tarsus  has  one  or  two  segments  but 
no  claws.  It  ends  in  a  hooflike  or  cuplike  depression  surrounding  a  small 
bladder  that  can  be  protruded  or  withdrawn  by  the  insect.     This  charac- 
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teristic  gave  the  insects  the  name  Physopoda  (bladder-footed),  which  is 
sometimes  used  instead  of  Thysanoptera. 

Thrips  arc  very  active  insects,  at  least  when  disturbed.     They  spring 

or  fly  readily,  they  turn  up  their  tails  at  one,  as  if  to  Bting,  and,  according 
to  one  writer,  they  spend  most  of  their  time  combing  the  hairs  of  the  body. 
The  eves  are  small. 


Fig.  108. — The  pear  thrips  (T '  ceniothrips  inconsequent  Uzel.)  1,  adult;  2,  eggs;  3,  first 
instar  nymph;  4,  second  instar  nymph;  5,  third  instar  nymph;  6,  last  instar  nymph;  7, 
head  of  adult  from  the  side.  All  greatly  enlarged.  (Reduced  from  Moulton,  V.  S.  D.  A. 
Depi.  Hull.  173.) 

The  eggs  are  laid  on  the  tissues  of  plants,  or,  in  some  species,  inserted 
into  slits  made  by  a  sharp  ovipositor.  Parthenogenesis  is  common. 
There  are  four  or  more  nymphal  instars.  The  last  two  do  not  feed  and 
may  be  quite  inactive — a  foreshadowing  of  the  complete  metamorphosis 
of  the  higher  orders.  There  are  a  number  of  destructive  species,  such  as 
the  onion  thrips  (p.  493),  camphor  thrips,  greenhouse  thrips  (p.  710), 
pear  thrips,  and  oat   thrips. 

Small  t<>  in  in  ui< ,  mostly  phytophagous y  si  na\  r-bodied  insects^  wingless  or 
with  two  pair*  of  very  sl<n<i<r,  nearly  veinless,  wings  fringed  with  long  hair* 
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and  laid  longitudinally  over  the  back  when  not  in  use.  Mouth  parts  rasping, 
asymmetrical,  with  two  pairs  of  palps  but  only  one  mandible.  The  tarsus 
terminates  in  a  protrusible  bladder.  Cerci  wanting.  Metamorphosis 
gradual,  but  the  larger  nymphal  stages  quiescent. 

ORDER  HOMOPTERA   (HEMIPTERA  OR  RHYNCHOTA,  IN  PART) 

The  Cicadas,  Aphids,  Scale   Insects,   Leafhoppers,  Treehoppers, 

and  Others 

For  many  years  authors  included  the  above  kinds,  together  with  the 
leaf  bugs,   stink   bugs,   bedbugs,   squash   bugs,    water  bugs,   and   their 


Fio.    109. — A  group  of  treehoppers  or  membracids  showing  the  remarkable  development  of 
the  pronotum.      (From  Funkhouser,  Cornell  Agr.  Exp.  Sta.) 

relatives,  all  in  the  order  Hemiptera.  They  have  important  points  in 
common.  They  have  a  gradual  metamorphosis.  The  mouth  parts  of  all  of 
them  are  of  the  piercing-sucking  type,  without  palps.     There  are  four  wings 


Fig.   110. — A    fulgorid,    Stobaera    tricarinata    Say.      (From    Z.    P.    Metcalf,     Jour.    Elisha 

Mitchell  Set.  Society,  Vol.  XXXVIII.) 

or  none.     The  ante  mice  are  of  few  segments.     Compound  eyes  and  ocelli 
are  usually  present  and  cerci  wanting. 

They  have  such  important   differences,  however,  that  most  recent 
authors  separate   the   above   groups  into   two   orders,   Homoptera  and 
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Hemiptera.     Except  for  ili<'  cicadas,  the  Homoptera  are  mostly  small, 

inconspicuous  insects.      Sonic,  however,  are  brilliantly  colored  and  many 
are   of   grotesque   shapes.      Many   of   them   are   windless,    at    least    in    the 

female  sex  or  under  certain  conditions.     When  wings  are  present  they 


Fig.  111.— Masses  of  spittle  made  by  the  grass-feeding  spittle  bug,  as  a  protection  for 
the  nymphs  which  live  within  it.  About  three  times  natural  size.  {From  Osborn,  Me. 
Agr.  Exp.  Sta.  Bull.  254.) 


are  four  in  number,  of  a  nearly  uniform,  membranous,  or  sometimes  some- 
what leathery  texture;  the  front  pair  is  longer,  the  hind  pair  wider;  they 
usually  stand  sloping  roof-shaped  over  the  abdomev  wht  //  "/  rest;  and  they 
do  not  overlap  much  at  the  tip.  Male  scale  insects  are  an  exception, 
having  only  one  pair  of  wings  (Fig.  360)  and  a  complete  metamorphosis. 
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Some  are  very   degenerate  in  form;  i he  female  Bcale  insects  having 

nci(  her  body  regions,  eyes,  wings,  nor  legs  (Fig  63,  Fc). 

The  labium  or  beak  of  tin  Homoptera  attache*  t<>  the 

head  near  its  hinder  part,  often  seeming  to  arise  from 
between  the  front  legs,  which  touch  the  head;  some- 
times the  labium  is  very  short,  apparently  wanting. 
The  food  is  exclusively  the  sap  of  plants.  There  are 
many  extremely  destructive  species,  some  carrying 
diseases  from  plant  to  plant.  The  following  are 
among  the  more  destructive  species  of  this  order: 
the  San  Jose,  scurfy,  and  oyster-shell  scales  (see  pp. 
539,  544),  the  terrapin  scale  (p.  G03),  greenhouse 
scale  insects  (p.  700),  apple  aphids  (p.  545),  corn  root 
aphid  (p.  314),  aphids  of  many  vegetable  crops  (pp. 
-Adult  442,  503),  greenhouse  aphids  (p.  707),  greenhouse 
spittle  bug,  parent  of  and  citrus  whiteflies  (pp.  709,  657),  apple  and  beet 

the    nymphs    which  v^^  '  "      ^^ 

make  the  masses  of   leaf  hoppers    (pp.   475,   512),   the   buffalo   treehopper 
spittle     (From   Gar-   (p     537)   and    the  periodical  cicada   (p.   533).     The 

man,  Conn.  Ayr.  Exp.  \  VI~  .       . 

sta.  Bull.  230.)  student  should  study  the  figures  and  descriptions  of 

these  typical  species  of  Homoptera. 
The  important  families  are  listed  in  the  following: 


Fig.     112. 


SYNOPSIS  OF  THE  ORDER  HOMOPTERA 

A.  Suborder  Auchenorhynchi.  The  Free  Beaks.  Labium  plainly  attaches  to  head. 
'Farsi  three-segmented.  Active,  free-moving  insects.  Antenna  very  small,  ending 
in  a  bristle.     Medium-sized  to  very  large  insects. 

Family  1.  The  cicadas  ("locusts"),  Family  Cicadidse 

Family  2.  The  spittle  bugs  or  froghoppers,  Family  Cercopida^  (Figs.  Ill,  112) 

Family  3.  The  treehoppers,  Family  Membracidse  (Fig.  109) 

Family  4.  The  leafhoppers,  Family  Cicadellidae  (Jassidse) 

Family  5.  The  planthoppers,  Family  Fulgoridae  (Fig.  110) 

B.  Suborder  Sternorhynchi.  The  Fused  Beaks.  Labium  appears  to  attach  to  the 
thorax  between  the  front  legs.  Tarsi  one-  or  two-segmented.  Females  sluggish 
or  sedentary.  Antennae  larger,  not  ending  in  a  bristle.  Nearly  all  very  small 
insects. 

Family  6.  The  jumping  plant  lice,  Family  Chermidae  (Psyllidae) 
Family  7.  The  plant  lice  or  aphids,  Family  Aphididae 
Family  8.  The  whiteflies,  Family  Aleyrodidae 
Family  9.  The  scale  insects,  Family  Coccidae 

ORDER  HEMIPTERA   (HETEROPTERA,  OR  RHYNCHOTA,  IN  PART) 

The  True  Bugs 

These  bugs  (Fig.  113)  are  like  the  Homoptera  in  having  a  gradual 
metamorphosis,  two  pairs  of  wings,  antennce  of  five  or  fewer  segments, 
piercing-sucking  mouth  parts  and  the  hind  wings  usually  shorter  and 
wider  than  the  front  pair.     They  are  distinguished  from  the  Homoptera  by 
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mesosculum 


collar, 
collurr), 
carina. 


jpira* 
// 


left 
aen  ital  c  las  per 


Fig.  113.-  A  hu<:  of  the  order  Hemiptera  (Deraeocoria  fasciolus  Knight),  with  the 
principal  parts  of  the  body  named.  The  part  labeled  epipharynx  is  called  the  lucrum,  and 
the  rostrum,  the  beak,  by  some  authorities.  The  parte  of  the  army  labeled  darns,  c<\rium 
and  rum  us  are  thick  and  horny;  the  part  labeled  membroru  is  thin  and  transparent.  (From 
Knight,  Minn.  Ayr.  Esp.  Sin.   Tech.  Hull.   I.) 
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lairing  the  front  pair  of  trings  thickened  ami  </"//'  Stiff  Over  about  tin  basal 
half,  the  distal  half  abruptly  thinner,  usually  membranous.  When  folded 
bark  they  lie  horizontally,  or  flat,  over  the  back,  and  the  membranous  tip* 
of  the  front  pair  overlap.  There  are  many  windless  forms  and  some 
adults  with  short  wings  often  in  the  same  species  with  long-win^-d  ones. 
The  labium  or  beak  of  the  Hemiptera  attaches  well  forward  near  the 
front  end  of  the  head,  and  the  head  is  free  from  the  coxce  and  longer  than  it 


Fig.  114. — A  giant  water  bug  or 
electric-light  bug,  Lethocerus  <un<r- 
icanus  (Leidy) .  Natural  size.  (From 
Kellogg's  ''American  Insects.") 


Fig.  115. — -A  water  strider.  The  line  shows 
actual  length  of  body.  (From  Osborn,  "  Agricultural 
Entomology") 


is  in  the  Homoptera.  All  of  this  order  are  insect-like  in  form,  there 
being  no  extremely  degenerate  species.  They  commonly  possess  scent 
glands  that  give  them  a  distinct  odor,  usually  offensive  to  man  and  probably 
defensive  against  their  natural  enemies.  The  various  species  attack  a 
wide  variety  of  both  plants  and  animals,  always  feeding  on  liquid  parts 
only.  Those  that  attack  plants  generally  have  the  labium  long  and 
straight;  those  that  prey  on  other  insects  or  on  larger  animals,  have  a- 
short,  curved  labium. 

A  few  of  the  most  important  species  of  Hemiptera  are:  the  chinch 
bug  (p.  344),  squash  bug  (p.  462),  harlequin  cabbage  bug  (p.  501), 
tarnished  plant  bug  (p.  445),  apple  red  bug  (p.  582),  bedbug  (p.  836)  and 
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assassin  bugs  (p.  837).     The  figures  of  these  typical  Hemiptera  should 
be  examined  to  Illustrate  tin*  above  characteristics. 


Fig.   11G.  Fio.   117.  Fig.   118. 

Fig.  116. — An  ambush  bug,  Phymata  erosa  (Linn6).  a,  adult  from  above;  about  twice 
natural  size;  b,  the  same  from  the  side,  more  enlarged;  note  the  enormous  femur  of  tin- 
grasping  front  leg.      (From  Fernald's  ''Applied  Entomology,"  after  Riley.) 

Fig.  117. — A  lace  bug  {Corythuca  arcuata  Say).  The  line  shows  actual  length.  (From 
Comstock's  "Introduction  to  Entomology,"  Comstock  Publishing  Co.) 

Fig.  118. — The  box-elder  bug,  Leptocoris  trivittatus  (Say).  Twice  natural  size.  (From 
K>  Hogg's  "American  Insects.") 

The  important  families  are  listed  in  the  following: 


SYNOPSIS  OF  THE  ORDER  HEMIPTERA 


inch| 

iO 

anil 


A.  Suborder  Cryptocerata. — The  Short-horned  Bugs     Antennae  shorter  than  the  head, 
nearly  concealed  on  the  under  side  of  the  head.     Stink  glands  wanting. 

1.  Aquatic  Predaceous  Bugs. 

Family  1.   Water  boatmen,  Family  Corixidae 

Family  2.   Back  swimmers,  Family  Notonectidae 

Family  3.  Water  scorpions,  Family  Nepidae 

Family  4.   Giant  water  bugs,  Family  Belostomidae  (Fig.  114) 

B.  Suborder  Gymnocerata. — The  Long-horned  Bugs.     Antennae  at  least  as  long  as 
head  and  plainly  visible  at  its  sides. 

2.  Semiaquatic  Predaceous  Bugs. 

Family  5.   Water-striders,  Family  Gerridae  (Fig.  115) 

3.  Terrestrial  Predaceous  Bugs. 

Family    6.   Assassin  bugs,  Family  Reduviidse 

Family    7.  Bedbugs,  Family  Cimicidse 

Family    8.  Thread-legged  bugs,  Family  Emeaidse 

Family     9.   Damsel  bugs,  Family  Nabidse 

Family  10.  Ambush  bugs,  Family  Phymatidae  (Fig.  116) 

Family  11a.  Stink  bugs,  Family  Fentatomids  (in  part) 

Family  12a.  Leaf  bugs,  Family  Miridae  (Capsidae)  (in  part) 

4.  Terrestrial  Plant-eating  Bugs. 

Family  116.  Stink  bugs,  Family  Pentatomidffi  (in  part) 
Family  12/*.   Leaf  bugs.  Family  MiridfiB  (CapsidaO  (in  part) 
Family  13.  Lace  bugs,  Family  Tingidse  (Fig.  117) 
Family  14.   Chinch  bugs  and  others.  Family  Lygffiidse 
Family  15.  Squash  bug,  Leaf-footed  Bugs,  and  others,  Family  Coreidse  (Fig. 
118) 
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order  anoplura  (siphunculata  or  parasita) 

The  Blood-bucking  Lice 

These  lice  should  be  distinguished  from  the  chewing  lice.  These 
are  much  the  more  serious  kind.  They  live  exclusively  by  sucking  the 
blood  of  the  host,  and  in  so  doing  are  very  likely  to  be  carriers  of  disea 
The  members  of  this  order  are  small,  wingless,  tough-skinned,  flattened, 
usually  dark-colored,  external  parasites.  They  attack  all  kind  of  wild 
and  domesticated  mammals,  but  none  are  known  to  live  on  any  other 
class  of  host.  Two  species  attack  man — the  cootie,  body  louse  or 
head  louse  (p.  849),  and  the  crab  louse  (p.  853).  The  first  of 
these  is  the  carrier  of  typhus  fever  and  trench  fever.  The  largest  species 
are  about  J^  inch  long.  They  can  be  distinguished  from  Mallophaga 
by  the  difference  in  mouth  parts,  and  by  the  relatively  narrower,  more 
pointed  head.  The  antennae  are  short,  but  usually  conspicuous.  The 
thorax  is  not  marked  off  from  the  abdomen,  and  the  three  segments  are 
fused  together.  The  legs  are  relatively  very  heavy  and  are  highly 
specialized  to  enable  the  insects  to  hold  on  with  a  deathlike  grip  to  the 
hairs.  The  tarsus  is  a  single  segment  with  one  enormous  claw  (Fig.  47,  E). 
This  is  drawn  around  by  muscles  to  clamp  against  a  thumblike  projection 
from  the  end  of  the  tibia,  gripping  the  hair  between  the  claw,  the  tarsal 
segment,  the  end  of  the  tibia,  and  its  thumb.  In  some  species  a  spiny 
pad  is  forced  out  from  the  end  of  the  tibia,  further  to  strengthen  the 
grip. 

The  mouth  parts  (Fig.  68)  are  unique.  They  are  of  the  piercing 
type,  but  when  not  in  use  are  completely  withdrawn  into  the  head  of 
the  louse.  All  one  can  usually  see  externally  is  a  fringe  of  minute  teeth 
at  the  foremost  part  of  the  head.  At  a  short  distance  inside  this  fringe 
the  mouth  cavity  divides  into  two  tubes.  The  upper  tube  is  the  pharynx, 
which  leads  on  to  the  stomach;  the  lower  tube  is  only  about  as  long  as 
the  head  and  ends  blindly  like  an  introverted  glove  finger.  In  this 
blind  tube  is  a  complicated  set  of  stylets,  in  their  simplest  form  described 
as  a  dorsal  and  a  ventral  stabber,  attached  near  the  blind,  posterior  end 
of  the  tube,  free  at  their  front  ends.  Muscles  are  so  arranged  as  to 
drive  these  stylets  into  the  flesh.  Saliva  is  carried  down  into  the  wound 
through  the  stylets,  but  apparently  they  do  not  form  a  food  channel,  the 
blood  flowing  out  to  the  surface  and  being  sucked  up  directly  into  the 
pharynx,  through  the  closely  appressed  mouth  opening. 

The  eggs  of  Anoplura,  often  called  "nits,"  are  glued  fast  to  the 
hairs,  or  in  one  species,  laid  in  seams  of  clothing  while  it  is  being  worn. 
The  metamorphosis  is  very  simple.  The  entire  life  is  spent  on  the  body 
of  the  host.  For  the  most  part,  each  species  attacks  one  species  of  host 
and  can  live  on  no  other.  The  eyes  are  very  degenerate  or  wanting; 
ocelli  absent. 
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Sum/ 1,  winglesst  Jlatt<  iK  (I,  external  parasites  of  mammals,  Mouth 
parts  retractile^  piercing-sucking.  Head  narrow t  pointed  in  front;  eyes 
wanting  or  degenerate.  Thoracic  segments  fused;  torsi  of  one  segment 
with  a  single j  grasping  daw.     Metamorphosis  simple. 

Less  than  150  species  arc  known,  I > 1 1 1  their  habits  give  to  this  order 
an  importance  out  of  all  proportion  to  its  size.  The  species  attacking 
man  belong  in  the  family  PediculidfiB  (see  p.  849).  The  family  Ilamia- 
bopinidsB  includes  the  species  attacking  domestic  animals.  Important 
species  are  the  hog  louse  (p.  798),  the  blood-sucking  horse  louse  (p.  774), 
the  short-nosed  and  long-nosed  ox  lice  (p.  780),  and  the  blood-sucking 
sheep  lice  (p.  807). 

INSECTS  WITH  A  COMPLETE  METAMORPHOSIS 

With  the  Anoplura  we  completed  our  discussion  of  the  orders  that 
have  a  gradual  or  simple  metamorphosis.  All  of  the  orders  that  follow 
have  a  complete  or  complex  metamorphosis.  A  glance  at  Table  VI,  on 
p.  171  will  show  that  the  four  largest  orders  are  in  this  group,  and  a  little 
checking  of  the  species  of  economic  importance,  discussed  in  the  following 
chapters,  will  show  that  most  of  our  destructive  insects  are  representatives 
of  one  of  the  following  orders.  Apparently  the  complete  metamorphosis 
is  a  very  successful  thing,  in  spite  of  the  fact  that  insects  undergoing  such 
transformations  must  usually  become  adapted  to  three  distinctly  different 
environments  during  the  course  of  the  life  cycle.  In  the  case  of  gradual 
metamorphosis,  the  same  environment  usually  serves  for  both  nymphs 
and  adults;  but  in  complete  metamorphosis  the  larva  must  find  suitable 
food,  the  pupa  must  be  protected  from  enemies  and  adverse  physical 
conditions,  and  the  adult  must  again  find  food  (generally  different  from 
that  of  the  larva)  or,  if  it  does  not  feed,  at  least  a  suitable  place  to  deposit 
eggs.1 

ORDER  COLEOPTERA 

The  Beetles  and  We  i:\tls 

This  is  the  largest  of  all  orders  of  insects.  Two  out  of  every  five 
kinds  of  insects  that  have  been  discovered  and  named  are  beetles.  This 
may  be  due  in  part  to  the  fact  that  most  of  the  orders  have  not  been 
studied  as  extensively  as  the  beetles  have.  Nevertheless  ordinary  obser- 
vation will  show  that  these  insects  are  so  numerous  and  ubiquitous, 
and  of  such  diverse  form,  habit,  and  appearance,  that  not  to  know 
Bomething  about  the  beetles  is  to  remain  in  ignorance  of  a  large  and 
very  interesting  part  of  our  environment.  It  is  well  to  study  beetles 
also  in  self-defense,  for  they  attack  us  at  every  point,  feeding  on  growing 

1  Sec  "The  Life  Cycle  in  Insects,"  In  Annuls  ErUomcl.  Sue.  Am.,  Vol.  13,  pp.  133— 
201,  June,  1920. 
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crops  of  all  kinds,  from  forest  trees  to  greenhouse  plants,  as  well  as  on 
stored  foods  and  other  possessions.  It  is  noteworthy  that  there  are 
practically  no  beetles  that  attack  the  larger  animals,  and  very  few 
parasites  on  any  group,  although  many  of  them  are  predaceous  on 
insects  and  other  small  animals. 

The  most  characteristic  thing  about  beetles  is  their  wings  (Fig.  119). 
The  mature  insects  have  the  front  wings  specialized  into  what  are 
called  (iijtra  (pronounced  ell'-it-ra).  These  are  greatly  thickened  by 
chitin  so  that  they  usually  show  no  veins,  and  they  are  not  flapped  in 
flight,  but  serve  as  a  pair  of  convex  shields  to  cover  the  hind  wings  and 
the  rather  delicate-walled  abdomen  from  above.  When  the  insect  is 
not  flying  they  lie  close  over  the  abdomen,  the  inner  edges  of  the  two 
coming  together  to  form  a  straight  line  from  the  prothorax  back  to  the 
tip  of  the  wings,  neatly  covering  the  mesothorax,  the  metathorax,  and 
at   least  part  of  the  abdomen  (note  Figs.   123  and  125).     A  small  part 


Fig.  119. — A  beetle,  Ligyrodt  s  n  I  ictus  (Say),  with  wings  spread;  the  left  one  showing 
how  the  large  hind  wings  fold  beneath  the  elytra  or  front  wings  as  they  are  laid  back  over 
the  abdomen.      (Original.) 


of  the  mesothorax,  known  as  the  scutelhim,  remains  exposed  as  a  little 
triangle  between  the  bases  of  the  elytra.  On  account  of  the  nature  of 
the  front  wings,  the  prothorax  is  unusually  distinct  from  the  rest  of  the 
thorax,  and  is  often  wrongly  called  "the  thorax.'' 

The  hind  wings,  or  second  pair,  are  the  real  organs  of  flight.  When 
a  beetle  flies,  the  front  wings  are  held  stiffly  out  at  the  sides  of  the  body, 
while  the  hind  wings,  only,  beat  so  rapidly  that  one  can  scarcely  see 
them.  These  wings  are  about  as  wide  as  the  elytra  but  commonly 
one-fourth  or  one-third  longer.  They  do  not  project  beyond  the  elytra 
when  the  insect  comes  to  rest,  but  by  a  remarkable  automatic  " joint" 
the  distal  third  or  fourth  is  folded  under  as  the  wings  are  laid  back  to 
the  resting  position  (Fig.  119).  The  second  pair  of  wings  are  thin  and 
membranous,  with  a  few  veins.  Sometimes  these  hind  wings,  and 
rarely  both  pairs,  are  wanting,  or  the  wings  may  be  grown  together  so 
they  cannot  be  moved. 

The  mouth  parts  of  beetles  are  of  the  chewing  type  in  both  larvae  and 
adults,  the  same  parts  being  recognizable  as  in  grasshoppers  or  crickets 
(see  p.  112  ).     One  can  usually  tell  something  of  the  habits  of  a  beetle  by 
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examining  its  teeth.  If  the  mandibles  are  short,  chunky,  and  with  a 
small  number  of  blunt  denticles  on  the  mesal  face,  it  indicates  a  species 

that  takes  plant  food.  If  the  mandibles  are  elongate,  come  out  to  one 
or  two  sharp  points  toward  the  end,  or  have  the  inner  edges  sharp  for 
cutting,  the  insect  is  carnivorous  and  probably  beneficial  to  us  by  eating 
other  insects. 

In  one  group  of  this  order  (the  snout  beetles)  the  head  is  prolonged 
forward  and  downward  into  a  cylindrical  snout  (Fig.   120)  that  varies 


Fig.  120.- — A  snout  beetle,  Sphenophorus 
cequalis  Gyll.,  to  show  prolongation  of  the 
head  into  a  snout;  above  in  side  view,  below, 
dorsal  view.  (From  Illinois  State  Nat.  Hist. 
Sur.) 


Fig.  121. — A  tiger  beetle  and,  in  the 
tunnel,  a  larva  of  the  same.  About  natural 
size.  (From  Sanderson  and  Jackson  after 
Linville  and  Kelly.) 


in  length  from  shorter  than  the  rest  of  the  head  to  several  times  the 
length  of  the  whole  body.  The  student  must  be  careful  not  to  confuse 
such  a  snout  with  the  beak  of  the  Homoptera  or  Hemiptera.  This  snout 
is  not  the  mouth  parts,  but  a  part  of  the  epicranium,  as  indicated  by  the 
attachment  of  the  antennae  to  it.  It  is  not  jointed,  it  is  not  furrowed 
down  the  front,  and  it  of  course  contains  no  stylets.  The  mandibles, 
maxillae,  etc.,  are  found  on  the  end  of  the  snout,  being  very  small  but 
functioning  as  chewing  mouth  parts.  This  long  snout  is  used  for  making 
a  hole  deep  into  the  tissues  of  plants,  in  which  the  eggs  are  laid.  It 
also  enables  its  possessor  to  eat  the  tissues  beneath  the  surface. 
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Beetles  generally  have  no  ocelli  in  the  adult  Btage,  though  the  com- 
pound eves  are  well  developed.  The  reverse  is  true  of  the  larva',  which 
haw  a  small  group  of  ocelli  at  each  side  of  the  head  but  never  compound 
eyes.  The  coxaeof  the  hind  legs  (Fig.  47, F)  are  flattened  out  like  a  pari  of 
the  body  wall,  instead  of  articulating  into  a  socket  of  the  latter,  so  that 
these  legs  at  first  sight  appear  to  lack  the  coxa?.  There  are  no  cerci. 
The  Ooleoptera  embrace  many  very  small  insects  and  from  these  upward 
in  size  to  some  tropical  kinds  that  are  several  inches  in  length.  There  are 
very  few  insects  likely  to  be  confused  with  the  Coleoptera.  A  few  kinds 
of  Hemiptera  have  a  superficial  resemblance  to  beetles,  but  the  shield 
over  the  back  is  not  formed  of  two  wings  but  is  a  single  piece,  an  over- 


Fig.  122.  Fig.  123.  Fig.  124.  Fig.  125. 

Fig.  122. — A  rove-beetle,  Creophil us  maxillosus  (Linne).  Enlarged  one-half.  (From 
Kellogg's  ''American  Insects.") 

Fig.  123. — A  burying  beetle,  Necrophorus  marginatum  (Fabricius).  Enlarged  one-half. 
(From  Kellogg's  "American  Insects.") 

Fig.  124. — The  giant  water  scavenger  beetle,  Hydrous  triangularis  (Say).  Natural  size. 
(From  Kellogg's  "American  Insects.") 

Fig.  125. — A  firefly  or  lightning  beetle  (Phot  in  us  scintUlans  Say).  Three  times  natural 
size.  The  insect  gives  off  flashes  of  light,  while  flying  at  night,  from  the  end  of  the  abdomen 
on  the  under  side.      (From  Kellogg's  "American  Insects.") 


grown  thorax  (see  Fig.  331).  The  earwigs  look  much  like  the  rove  beetles 
(cf.  Figs.  101  and  122),  but  always  show  at  the  tip  of  the  abdomen  a  pair 
of  heavy  forceps  or  pinchers. 

Beetles  all  have  a  complete,  sometimes  a  very  complex,  metamorpho- 
sis. The  larvae  of  beetles  (Figs.  195,  197,  307,  b  and  517)  are  generally 
called  grubs,  sometimes  borers.  They  can  be  recognized  by  the  following 
characters :  They  commonly  have  six  thoracic  legs  each  ending  in  one  or 
two  claws,  but  some  are  entirely  legless.  There  are  never  a  series  of 
prolegs;  at  most  one  pair  at  the  tip  of  the  body,  and  these  having  no 
crochets  on  the  end  of  them.  The  head  never  has  the  odfrontal  area  that 
characterizes  Lepidopterous  caterpillars.  The  spinneret  at  the  middle  of 
the  labium  also  is  wanting.  The  head  is  always  distinct,  usually  dark- 
colored,  bearing  definite  though  often  minute  antennae.     There  are  always 
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a  Dumber  of  pa  its  of  spiracles  <»n  the  abdominal  segments.     The  larvas  are 
very  diverse  in  shape. 

The  pupse  of  i  he  beetles  (Fig.  L95  and  270,  //)  can  be  distinguished  from 
other  pupse  by  noting  thai  all  the  mouth  parts  arc  of  the  chewing  type  and 

that  the  antenna'  have  fewer  than  12  segments.     The  membranous  sacs 

that  enclose  the  antenna\  legs,  and  wings  arc  not  grown  fast  (" cemented 
down")  to  the  sides  of  the  body,  but  are  free  and  can  be  moved  about. 
Beetle  pupsB  are  not  protected  by  the  dense  silken  cocoons  characteristic 
of  moth  pupSB.  They  may  have  thin  cocoons,  but  are  often  openly 
exposed  on  leaves;  at  other  times  hidden  in 
the  soil,  in  burrows  in  wood,  or  covered 
over  with  foreign  material  accessible  to  the 
larva  as  it  prepares  for  pupation. 

In  this  order,  both  larva?  and  adults  are 
commonly  injurious  and  in  the  same  man- 
ner. Sometimes,  however,  the  habits  of 
larvae  and  adults  are  different,  so  that  they 
may  be  injurious  in  two  totally  different 
ways;  or  one  or  the  other  only  may  be  de- 
structive. In  a  few  cases  one  life  stage  is 
harmful  to  us  and  the  other  beneficial; 
thus  the  blister  beetles  (see  p.  474)  as 
adults  feed  on  the  foliage  of  potatoes,  chard, 
asters,  and  other  plants,  while  their  larvae 
are  helpful  to  man  by  eating  the  eggs  of 
grasshoppers  in  the  soil.  The  lady  beetles, 
except  for  a  few  species,  and  many  species 
of  ground  beetles  are  highly  beneficial,  both 
as  larvae  and  adults,  by  devouring  injurious 
insects  (see  p.  56). 

The  Coleoptera  are  minute  to  very  large,  usually  heavily-chitinized , 
robust  insects.  The  front  wings  are  much  thickened,  veinless,  and  meeting 
in  a  middorsal  straight  line;  the  hind  wings  membranous,  with  few  veins,  ami 
the  apex  folded  under  transversely  when  at  rest.  Mouth  parts  of  typical 
chewing  type,  although  in  the  snout  beetles  they  are  reduced  and  placed  at  tin 
end  of  a  slender  trunklike  snout  easily  mistaken  by  the  tyro  for  piercing 
mouth  parts.  Ocelli  generally  wanting,  antennce  mostly  of  11  segments. 
Vrothorax  very  distinct  from  meso-  and  meta-thorax,  which  are  united  with 
the  abdomen.  Metamorphosis  complete.  Larvce  wormlike  or  shaped  like 
Thysanura,  usually  with  six  thoracic  legs  and  not  more  than  one  pair  of 
prolegs,  rarely  apodous.  Spiracles  on  principal  segments.  No  adfrontid 
area.     Pupce  with  appendages  free;  rarely  in  cocoons. 

Among  the  many,  very  destructive  species  are  the  following,  to  which 
the  student   should  refer  for  figures  and  descriptions  of  typical  species: 


Fig.  126. —A  stag  beetle 
Lucanus  elaphus  Fabricius,  male, 
natural  size.  (From  K ellog gy  s 
"American  Insects.") 


198  DESTRUCTIVE     iND  USEFUl    INSECTS 

White   grubs    (p.    306),    win-worms    (p.   MY.\  i ,    billbugB   (p.   342),   corn 

rootworme  (p.  310),  clover  bud  weevil  (p.  390),  alfalfa  weevil  (p.  M7), 
cucumber  beetles  (p.  469),  Colorado  potato  hectic  (p,  172),  flea  beetles 
(p.  437),  Mexican  bean  beetle  (p.  451),  bean  and  pea  weevils  (p.  703), 
Bweet-potato  beetles  (p.  483),  asparagus  beetle  (p.  51(>),  bark  beetles 
(p.  602),  flat-headed  and  round-headed  apple  borers  (p.  526),  Japanese 
beetle  (p.  605),  strawberry  weevil  (p.  643),  plum  curculio  (p.  577), 
tobacco  beetle  (p.  744),  buffalo  beetles  or  "moths"  (p.  746),  grain 
beetles  (p.  755),  granary  and  rice  weevils  (p.  753),  meal  worms  (p.  756), 
and  larder  beetle  (p.  750). 

Only  the  most  important  families  are  listed  in  the  following: 

SYNOPSIS  OF  THE   ORDER  COLEOPTERA 

A.  Suborder  Adephaga. — The  Predaceous  Beetles.  Mostly  food  on  other  insects. 
Largely  beneficial  to  us.  Tarsi  of  five  segments.  Antenna.1  generally 
filiform.  Ventral  part  of  first  segment  of  abdomen  divided  into  three  areas  by  the 
hind  coxa4 — a  very  small  median  piece  between  the  coxa1  and  two  large  side  pieces. 
Larvae  with  six  segments  in  each  leg  and  two  claws  at  the  end  of  the  leg. 

1.  Terrestrial  Predaceous  Beetles. 

Family     1.  Tiger  beetles,  Family  Cicindelida1  (Fig.  121) 
Family    2.   Ground  beetles,  Family  Carabida1 

2.  Aquatic  Predaceous  Beetles. 

Family    3.   Predaceous  diving  beetles,  Family  Dytiscidse 
Family    4.   Whirligig  beetles,  Family  Gyrinidae 

B.  Suborder  Polgphaga. — Beetles  of  a  great  variety  of  form,  habit,  and  economic 
importance.  All  have  the  first  ventral  segment  of  the  abdomen  in  a  single  piece, 
not  divided  by  the  hind  coxa1.  The  legs  of  the  larva1  end  always  in  a  single  claw 
and  have  five  segments  or  fewer. 

3.  The  Short-winged  Beetles  or  Brachyelytra. 

Elytra  short,  exposing  much  of  the  abdomen.     Tarsi  five-segmented. 
Family    5.  Rove  beetles,  Family  Staphylinidse  (Fig.  122) 
Family    6.  Carrion  or  burying  beetles,  Family  Silphidae  (Fig.  123) 

4.  The  Club-horned  Beetles  or  Clavicornia. 
Antennas  clavate.     Tarsi  five-  or  three-segmented. 

Family     7.   Water  scavenger  beetles,  Family  Hydrophilidae  (Fig.  124) 
Family    8.   Flat  bark  beetles,  Family  Cucujida1 

Family    9.  Lady  beetles,  Family  Coccinellida?  (Tarsi  three-segmented) 
Family  10.   The  skin  beetles,  Family  Dermestidae 

5.  The  Saw-homed  Beetles  or  Serricornia. 
Antenna?  serrate.     Tarsi  five-segmented. 

Family  11.  Firefly  or  lightning  beetles,  Family  Lampyridae  (Fig.  125) 
Family  12.   Soldier  beetles,  Family  Cantharidae 
Family  13.   Metallic  wood  borers,  Family  Buprestid:c 
Family  14.  Click  beetles,  Family  Elateridae 

6.  The  Beetles  with  Different-jointed  Tarsi  or  Heteromera. 

Five  segments  in  tarsi  of  front  and  middle  legs;  four  segments  in  hind  tarsi. 
Family  15.   Darkling  beetles,  Family  Tenebrionidse 
Family  16.  Blister  beetles,  Family  Meloidae 


THE  ORDERS  OF  INSECTS 


99 


7.  The  l.(  tif-hornal  Hutlis  or  La i/n  II icornio. 

Tarsi  five-segmented  throughout.     Antenna  Lamellate,  a  cylindrical  l»;is:il  pari 

:iikI  a  Dumber  of  flattened  leaflike  Begments  a1  the  tip. 
Family  17.  The  stag  beetles,  Family  Lucanidse  (Fig.  120) 
Family  is.  The lamellicorrj  beetles,  Family  Scarabasidaa 

8.  The  Plant-eating  Beetles  or  Phytophaga. 
Tarsi  apparently  four-segmented. 

Family  19.  The  long-horned  beetles,  Family  Cerambycidse 

Family  20.  The  leaf  beetles,  Family  Chrysomelidse 

Family  21.  The  pea  and  bean  weevils,  Family  Mylabrids  (Bruchidfle) 

9.  The  Snout-beetles  or  Rhynchophora. 

Eead  often  produced  into  a  long  snout.     Tarsi  apparently  four-segmented 

Antennas  clubbed  and  elbowed. 

Family  22.  Typical  weevils,  Family  Curculionidse  (Fig.  120) 
Family  23.   Engraver  or  bark  beetles,  Family  Scolytidae 

ORDER  STREPSIPTERA 

Stylops  or  Twisted-wing  Parasites 

This  is  a  small  order  of  minute,  internal  parasites  of  insects,  of  little  or  no  impor- 
tance to  man  because  they  destroy  mostly  wild  bees,  wasps,  and  a  few  leafhoppers. 


Cephct/othorax 


Genital^, 
pores  \t 

Abdomen  < 


Fig.    127. — A  full-grown  or  adult  female  strepsipteron  (Xenos  vesparum).      (Redrawn  from 
Imms,  "General  Textbook  of  Entomology,"  after  von  Siebold.) 


They    are   so    abnormal    in    structure   as   to    constitute    an    order    of    very    distinct 
characteristics. 

M files  (Fig.  128)  with  stalked  eyes,  jlabellate  antennae,  and  degenerate  charing  mouth 
parts.  Wings  four,  but  the  first  pair  reduced  to  mere  short  clubs,  the  hind  pair  large, 
triangular,  folding  fanlike  and  without  cross-veins.  Female  (Fig.  127)  without  lege, 
/rings,  eyes  or  antennce,  and  the  mouth  ports  mere  vestiges;  wormlike  and  living  in  the 
interior  of  insects  throughout  life  except  for  the  fused  haul  and  c( pholothorax,  which 
project  like  a  lump,  or  tumor,  between  two  segments  of  the  host.  //«/•  body  is  enclosed 
in  tin  last  larval  skin,  which  is  open  just  behind  the  head  into  the  brood  chamber.  Tins 
communicates  with  the  unpaired  genital  pons  on  several  abdominal  segments,  and  serves 
for  fertilization  and  also  for  tfu  escapt  ofthi  larva.  Metamorphosis  is  complete,  with  a 
hypermetamorphosis. 
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Fig.  12S. — -An  adult  male  strepsipteron  (Muirixenos  dicranotropidis) .  Note  the 
flabellate  antennae,  the  dub-like  front  wings  and  the  veinless  hind  wings.  (From  Pierce, 
Proc.  U.  S.  Nat.  Mua.  Vol.  54.) 


Fig.  129. —  The  Dobson-fly,  Corydalis  cornuta  Linne;  adult  male  on  the  left  and  its 
larva,  the  hellgramite,  on  the  right.  Natural  size.  Note  enormous  mandibles  of  the 
male  and  the  short  hair-like  tufts  of  tracheal  gills  on  the  abdomen  of  the  larva.  (From 
Sanderson  and  Jackson,  "Elementary  Entomology,"  after  Comstock.) 
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ORDER  NEUROPTERA 
Aphid-lions,   Dobson-flies  (Fig.  129),  Ant-lions  (Fio.  130)  and  Others 

1  his  order  includes  Bpecies  which  are  mostly  predaceous  and  beneficial  to  man. 
The  aquatic  forms  serve  as  food  for  fish,  and  the  terrestrial  ones  are  very  beneficial 
in  their  larval  stages  by  preying  upon  aphids,  ants,  and  other  small  insects  (see  also 
p.  56). 


tgdSrc  V;.- 


Fig.  130. — The  ant-lion  or  "doodle  bug;"  Myrmclcon  sp. ;  larva  on  the  left,  three  times 
natural  size.  Note  the  elongate  mandibles  adapted  for  sucking.  On  the  right  is  shown  the 
sand  pit  or  trap  made  by  the  ant-lion  to  catch  ants,  at  the  bottom  of  which  the  larva  lives; 
about  half  natural  size.  Below  is  the  empty  pupal  skin  and  the  sand-covered  cocoon  from 
which  the  adult  has  escaped.      {From  Kcllogg's  ''American  Insects.") 


Insects  of  variable  size,  large  or  small,  with  four  large  leaflike  wings  of  nearly  equal 
size:  generally  finely  net-veined  and  held  rooflike  over  the  abdomen  at  rest.  Mouth  parts 
of  the  chewing  type,  though  secondarily  adapted  in  many  of  the  larvw  (Fig.  32  b,  d)  for 
sucking  the  blood  of  other  small  animals,  each  mandible  having  a  ventral  groove  closed 
by  the  maxilla  to  form  a  sucking  tube.  Antennce  generally  long, 
cerci  wanting,  tarsi  of  five  segments.  Larvce.  spindle-shaped, 
carnivorous,  many  of  them  aquatic  with  tracheal  gills  on  the 
abdominal  segments  (Fig.  129). 

ORDER  MECOPTERA 


The  Scorpion-Flu :s 

This  order  includes  some  seldom-noticed  insects  of  little 
or  no  economic  importance.  The  common  name  is  given  be- 
cause the  males  of  some  of  the  species  (Panorpa)  have  the  tip 
of  the  abdomen  swollen  and  carry  it  curved  upward  in  a  manner 
suggestive  of  the  sting  of  a  scorpion  (Fig.  131). 

The  must  distinctive  characteristic  is  the  prolongation  of  the    rufescens  Ramb.,  twice 
head,  maxilla?,  and  labium  into  <i  broad  snout  two  oj  three  times  as    natural  use.     Note  the 

long  as  the  width  across  the  eyes.     At  the  end  of  this  snout  are  the    ".8tin1g"like''.101,    ,T"r" 

■  •  .  pion-hkr     tail.      {From 

chewing  mouth  parts.      Ihefour,  long,  rather  narrow  wings  nave     Kettoaa's       "  Imer 

rather  numerous  cross  veins,     The  larva  an  caterpillar-like)  but     Insects. 


I  i'..     131.-   -A    Bcor- 
p ion-fly,    Panorpa 
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me  distinguishable  from  Lepidoptera  because  tome  of  them  have  eighi  pairs  oj  proleg 
without  crochets,   while  others  have  no  prologs;  and  the  pupa  have  the  wing  cases  and  leg 
cases  free  from  the  sides  of  the  body. 

ORDER  TRICHOPTERA 

CADDICE-FLIEB   (Fig.    133)   and  CaddiCE-WORMB  (Fig.    132) 

This  order  includes  about  2,000  species  of  mothlike  insects  that  are  seldom  seen 
except  along  streams  or  lakes,  in  the  water  of  which  the  larva'  develop.  The  adults 
are  commonly  less  than  1  inch  in  length,  and  have  four  brownish  wings  covered  with 
hairs  and  held  sloping  rooflike  at  the  sides  of  the  body.  The  mouth  parti  are  greatly 
reduced.     There  are  no  mandibles  and  probably  most  adults  take  no  food. 

The  eggs  (Fig.  73,  P)  are  laid  in  ropes  or  masses  of  gelatin-like  or  cement-like 
substance  in  or  near  the  water,  often  under  stones  in  streams.  The  larva*  are  the  best 
known.  They  make  cases  that,  cover  their  bodies,  except  the  head  and  legs  (Fig.  85, 
F,  (?,  N)  and  often  drag  these  protective  cases  about  with  them  on  the  bottom  of  ponds 


Fig.   132.  Fig.   133. 

Fig.  132. — Oaddice-fly  larva* ;  above,  Larva  in  its  case  with  head  and  legs  projecting 
in  normal  position;  below,  larva  removed  from  its  case  to  expose  the  tracheal  gills  on  the 
abdomen.      (From  Fernald's  ''Applied  Entomology,"  after  Leuckhart.) 

Fig.  133. — An  adult  caddice-fly.      (From  Kellogg' s  "American  Insects,"  after  Needham.) 


or  streams.  They  feed  on  small  animal  life  or  bits  of  vegetation  and  are  among  the 
commonest  of  insects  in  the  water.  The  cases  are  very  curious,  variable,  and 
characteristic  for  the  species.  They  are  lined  with  silk  and  more  or  less  open  at  each 
end;  in  shape  cylindrical,  ovoid,  or  spiral,  and  covered  with  pebbles,  sticks,  or  pieces 
of  leaves,  or  tiny  snail  shells.  A  few  kinds  make  miniature  "fish-nets,"  wrhich  are  con- 
structed in  swift-flowing  water  and  which  strain  out  small  particles  of  food  from  the 
current. 

Medium-sized  insects  with  four,  similar,  membranous  wings  clothed  with  rather  long 
hairs,  the  hind  pair  usually  shorter  and  broader.  Mouth  parts  modified  from  chewing 
type  by  reduction,  the  mandibles  being  absent,  but  the  palps  well  developed.  Antennce 
long,  setaceous;  legs  long,  tarsi  five-segmented,  tibia?  with  spurs.  Metamorphosis  com- 
plete; larvce  and  pupce  aquatic,  living  in  cases  and  breathing  by  abdominal  gills.  Larva? 
with  8  pairs  of  long  thoracic  legs  and  one  pair  of  prolegs  on  the  last  segment  of  the 
abdomen. 

The  principal  importance  of  the  Trichoptera  is  as  food  for  fish.  Both  larvae  and 
adults  arc  of  great  value  as  food  tor  trout.  One  species  is  said  to  be  a  pest  in  water- 
cress beds  in  England. 
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order  lepidoptera 
Moihs,  Millers,  Butterflies,  and  Skippers 

This  is  the  second  Largest  order  of  insects,  and  one  of  the  most  destruc- 
tive. Its  members  arc  well  marked,  both  as  adults  and  as  larva',  and 
scarcely  likely  to  be  confused  with  any  other  order.  Nor  are  the  insects 
of  another  order  likely  to  be  classed  as  Lepidoptera  by  mistake.     The 


Fig.  134. — A  piece  of  the  wing  of  a  butterfly,  Danaus  archippus  Fab.,  showing  how  the 
scales  overlap  at  sides  and  ends.  On  the  right  some  of  the  scales  have  been  removed  to 
show  the  cup-like  pits  into  which  the  pedicles  of  the  scales  fit.  Greatly  magnified.  (From 
Kellogg's  ''American  Insects.") 

name  means  scaly-winged  and  the  most  characteristic  thing  about  these 
insects  is  the  layer  of  short,  flattened,  hairs  or  scales  that  typically  covers 
both  surfaces  of  the  wings  and  practically  all  other  parts  of  the  body. 
The  scales  (Fig.  135)  are  of  many  shapes,  and  one  can  find  almost  every 


Fig.  135. — Scales  from  three  different  species  of  moths  and  butterflies.  Note  the 
pedicels  that  fit  into  cup-like  sockets  of  the  wing  cuticula  and  the  more  or  leae  parallel 
striae  or  ridges.      (From  Kellogg' s  "American  Insects.") 

gradation  to  typical  hairs.  All  of  them  have  a  projection  or  pedicel  at 
one  end  which  fits  into  a  cuplike  cavity  in  the  cuticula  of  the  wing  mem- 
brane. In  the  lower  moths,  they  are  irregularly  scattered  over  the  wings; 
but  in  the  most  specialized  ones  they  present  a  very  perfect  arrangement, 
overlapping  both  on  the  sides  and  the  ends,  like  slates  or  shingles  on  a 
roof  (Fig.  134). 
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Tlic  function  of  these  scales  is  primarily  bo  strengthen  the  wing 

membrane  and  make  it   stiff  enough  for  rapid  flight.     In  some  other 

orders,  this  has  been  accomplished  by  a  great  increase  in  the  number  of 
veins.  In  the  Lepidoptera,  there  are  not  many  veins,  but  the  scales  on 
both  surfaces  of  the  wing-membranes  give  them  sufficient  rigidity  for 
flight.  The  swiftest-flying  moths  show  the  most  perfect  arrangement 
of  the  scales,  and  the  parts  of  the  wing  where  greatest  stress  comes  have 
them  arranged  most  regularly. 

In  addition  to  strengthening  the  wing  membrane,  the  scales  give 
protection  to  most  parts  of  the  body,  and  in  them  is  resident  the  colors 
for  which  moths  and  butterflies  are  justly  celebrated.  If  the  "dust" 
(scales)  is  rubbed  from  the  wings  of  a  moth  or  butterfly,  its  characteristic 


lie.    136. — A  swift-flying  hawk  moth.   Therctra  tcrsa  Linne,  natural  size. 

State  Nat.  Hist.  Sur.) 


(From  Illinois 


color  is  lost.  The  scales  are  often  ornamented  with  longitudinal  ridges  or 
st  risB,  which  may  occur  as  closely  as  35,000  ridges  to  the  inch.  They  are 
very  regular,  and  many  of  the  brilliant  colors  of  these  insects  are  produced 
by  the  diffraction  of  light  rays  by  the  striae,  rather  than  by  pigments. 

Aside  from  the  possession  of  these  scales,  the  wings  of  Lepidoptera  are 
not  highly  specialized  (Fig.  48).  They  are  usually  very  broad,  and 
subtriangular  in  outline,  the  front  pair  somewhat  larger.  They  are  often 
too  large  to  be  very  effective  in  flight,  since  they  cannot  be  flapped  up  and 
down  rapidly  enough.  In  general  we  note  that  the  swiftest-flying  insects 
are  those  with  small  wings,  and,  in  this  order,  the  swift-flying  ones  are 
such  as  have  rather  narrow  wings;  for  example,  the  hawk  moths  (Fig.  136) 
and  clear  winged  moths  (Fig.  397). 

The  most  highly  specialized  thing  about  the  Lepidoptera  is  the  mouth 
parts  of  the  adults.  These  are  probably  the  most  highly  specialized 
of  all  insect  mouth  parts.  We  find  as  we  examine  the  head  (Fig.  71)  a 
pair  of  very  hairy  or  scaly  palps  (the  labial  palps)  projecting  forward 
at  the  sides  of  the  mouth.  Between  them  arises  a  long  slender  tube  for 
sucking  up  liquid  foods.  The  exact  length  of  it  is  correlated  with  the 
kind  of  flowers  the  particular  moth  or  butterfly  visits.     It  is  often  longer 
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t  han  the  body,  and  in  a   Dumber  of  cases  measures  5  or  6  inches.      Us 

real  make-up  is  evident  from  a  cross-section  (Fig.  71,  li).  From  the 
figure  it  can  be  seen  i  hat  it  is  double  in  nature,  each  half  having  a  groove 

along  its  inner  (mesal)  face,  and  the  two  halves  are  so  closely  locked 
together  that  they  form  an  airtight  tube  up  which  exposed  Liquids  can 
be  drawn  by  suction.  This  is  called  the  siphoning  type  of  mouth  parte 
(p.  L26).  When  not  in  use,  this  tube  is  carried  coiled  up  like  a  watch 
spring,  so  closely  beneath  the  head  that  it  is  inconspicuous.  Some  moths 
take  no  food  during  the  adult  stage, and  in  these  cases  the  tube  is  wanting. 


Fig.  137. — The  head  of  the  army  worm,  larva,  an,  antenna;  adf,  adfrontal  sclerite; 
(ult,  adfrontal  suture;  els,  clypeo-labral  suture;  cs,  clypeal  suture;  ea,  epicranial  arm;  es> 
epicranial  stem;  /,  front;  fes,  fronto-clypeal  suture;  I,  labrum;  md,  mandible;  oc\  to  ocv 
ocelli;  pe  and  po,  the  clypeus;  v,  vertex.      (Adapted  from  Ripley,  III.  Biol.  Mono.,  Vol.  VIII.) 

It  must  be  emphasized  that  this  proboscis  is  not  a  piercing  structure. 
It  is  too  flexible  to  be  thrust  into  plant  or  animal  tissues.  This  means 
that  these  insects  must  satisfy  themselves  with  liquids  freely  offered 
them  by  other  organisms.  They  have  become  adapted  to  taking  a  very 
special  type  of  food — the  nectar  concealed  in  open  cups  in  the  corollas 
of  flowers,  particularly  those  too  deep  to  be  reached  by  other  kinds  of 
insects.  It  is  said  that  an  African  moth  was  once  taken  with  a  proboscis 
measuring  10  inches  in  length.  From  this  a  biologist  predicted  that  a 
flower  would  be  found  with  a  corolla  10  inches  deep,  and  this  was  subse- 
quently found.  The  removal  of  this  nectar  does  QOl  injure  the  plant  ;  in 
fact  it  usually  benefits  by  the  visits  of  these  insects  to  its  flowers,  since 
in  this  way  cross-pollination  is  generally  brought  about. 

In  rare  cases,  the  tip  of  the  proboscis  is  provided  with  stiff  spine-. 
sharp  enough  to  lacerate  the  skin  of  a  ripe  fruit.     Thus  cotton  leafworms 
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(Fig.  272)  develop  only  on  cotton,  but  in  late  summer  the  adults  some- 
times fly  northward  in  great  swarms,  at  least  as  far  ;is  Lake  Erie.  If 
they  alight  in  orchards  of  ripe  peaches,  they  may  do  much  damage  by 
puncturing  the  fruits  with  their  " tongues."  This  is  very  exceptional, 
however,  and  usually  moths  and  butterflies  can  do  no  injury  in  the 
adult  stage.  When  we  speak  of  an  injurious  moth,  like  the  clothes 
moth  or  the  gipsy  moth,  we  refer  to  the  injury  caused  by  the  larva  or 
caterpillar  of  that  species.  The  economic  importance  of  the  Lepidoptera 
arises  almost  entirely  from  the  activities  of  the  larvae.  This  simplifies 
the  problem  of  control  somewhat,  as  compared  with  beetles,  for  example, 
since  only  one  injurious  stage  need  be  considered. 


Fio.   138. — The  cecropia  moth  (Samia  cecropia  Linne),  a  common  and  beautiful  giant  silk- 
worm moth.     (From  Fcrnald's,  "  Applied  Entomology.") 


"worms." 


The  larvae  of  Lepidoptera  are  called  caterpillars,  and  very  often 
They  have  chewing  mouth  parts  and  are  among  the  world's 
greatest  pests.  They  are  remarkably  similar  in  structure  among  the 
thousands  of  kinds  known.  The  shape  is  generally  nearly  cylindrical  (see 
Figs.  54  and  262) .  The  body  is  composed  of  13  segments  besides  the  head. 
The  first  three,  or  thoracic,  segments  have  each  a  pair  of  jointed  legs, 
terminating  in  a  single  claw.  The  abdominal  segments  bear  unjointed, 
soft,  fleshy  projections  of  the  body  called  prolegs,  typically  one  pair  each 
on  the  third,  fourth,  fifth,  sixth,  and  tenth  segments  of  the  abdomen. 
Frequently  some  of  these  pairs  and,  in  some  cases,  all  of  the  prolegs  are 
wanting  (Fig.  359).  Insects  of  several  other  orders  have  larvae  with 
prolegs,  but  these  are  the  only  insects  that  have  the  prolegs  armed  with 
a  number  of  fine  hooks  known  as  crochets  (Fig.  54,  4).     These  crochets, 
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which  enable  the  insect  to  bold  <>n  so  tenaciously  to  :i  leaf  or  twi^-,  are 
arranged  in  circles  or  rows  across  the  apex  of  the  proleg. 

The  head  of  a  caterpillar  is  usually  well  developed  (Figs.  54  and  1^7). 
There  is  a  group  of  simple  eves  at  each  side  of  the  head  (Fig.  \'M,  OC]  to 
OC4),  the  number  varying  from  two  to  six  pairs.  The  antenna4  are  very 
small.  A  very  characteristic  thing  about  the  larvae  of  this  order  is  the 
presence  in  at  least  the  last  instar,  of  the  adfrontal  areas  (a.f If),  slender 
sclent os  bordering  the  epicranial  suture  (cs,  ea),  that  do  not  occur  in 
insects  of  other  orders.  Another  characteristic  of  Lepidopterous  larvae 
is  the  presence,  near  the  end  of  the  labium,  of  the  spinneret  from  which 
the  silk  exudes. 

The  pupae  of  moths  are  typically  enwrapped  in  a  silken  case,  called 
a  cocoon,  which  is  made  from  saliva  secreted  by  the  full-grown  caterpillar 
(see  Fig.  85,  A,  E,  I).     Some  of  them  lie  buried  in  the  soil,  and  a  few 


Fig.  139. — A  skipper  butterfly  (Epargyreus  tityrus  Fabricius)  natural  size.  Note 
the  recurved  or  hooked  antenna?  that  characterize  skipper  butterflies.  (From  Femalcfa, 
"Applied  Entomology.") 


are  formed  in  tunnels  in  wood  or  in  other  larval  habitats.  The  pupae 
of  butterflies  are  generally  naked  chrysalids  fastened  to  plants  or  other 
supports  by  a  small  pad  of  silk  or  a  girdle  (Figs.  84,  C;  259,  c).  Regardless 
of  the  nature  of  protection,  the  pupa?  of  Lepidoptera  (Figs.  84,  A,  B, 
C,  D)  can  be  recognized  from  other  orders  by  these  two  features:  (a)  the 
leg  cases,  antenna?  cases,  and  wing  pads  are  fastened  down  to  the  sides 
of  the  body  and  immovable;  (b)  the  long  maxillae  in  the  pupa  stage 
appear  as  two  long  slender  sclerites  along  the  mid-ventral  line. 

Adult  Lepidoptera  are  minute  to  large,  fragile  insects,  well  characterized 
by  the  siphoning  mouth  parts  and  overlapping  scales  found  on  upper  and 
under  sides  of  the  wings  and  other  parts  of  the  body.  Both  pairs  of  wings 
are  membranous,  usually  very  broad,  the  front  pair  larger,  cross-veins 
few.  Metamorphosis  complete.  The  larvoe  typically  wormlike,  with 
chewing  mouth  parts;  paired  spiracles  on  the  principal  segments;  two  to 
five  pairs  of  prolegs,  with  crochets,  on  the  abdonu  n;  and  adfrontal  areas  on 
the  head.  Pupce  with  appendages  usually  fast  to  the  body  watt,  often  in 
cocoons. 
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Among  the   many   pests  of  Oropfl  arid  stored   products,   the  following 

should  be  aoted  for  figures  and  descriptions  of  typical  species;  army 

worm  (p.  318),  cutworms  (p.  321),  European  corn  borer  (p.  333),  tomato 
hornworm  (p.  488),  swallowtail  butterfly  (p.  510),  cabbage  butterfly 
(p.  495),  fall  webworm  (p.  564),  gypsy  moth  (p.  690),  peach-tree  borer  (p. 
595),  greenhouse  leaftyer  (p.  714),  clothes  moths  (p.  748),  and  flour  and 
meal  moths  (pp.  758  to  761  ). 


Fig.  140. — The  celery  caterpillar  or  black  swallow-tail  butterfly  (Papilio  polyxenea 
Fabricius)  and  its  life-stages,  a,  full  grown  caterpillar  from  the  side;  b,  the  same  from  in 
front  showing  osmateria  protruded;  c,  the  male  butterfly,  note  clubbed  antenna;  d, 
outline  of  the  egg  greatly  enlarged;  e,  a  young  larva;/,  the  pupa  or  chrysalis.  All  about 
natural  size  except  d.      (From  U.  S.  D.  A.  Farmers'  Bull.  856.) 

For  our  purposes,  probably  the  most  useful  division  of  the  order  is 
the  popular  one  into  moths  and  butterflies.  The  principal  families  of 
each  suborder  are  outlined  in  the  following: 

SYNOPSIS  OF  THE  LEPIDOPTERA 


Suborder  Heterocera. — Moths  or  Millers.  Mostly  night  fliers.  Antennae  of  varied 
form,  filiform,  pectinate  or  otherwise,  but  never  enlarged  at  the  tip  to  form  a  club. 
Abdomen  heavy.  Wings  usually  lie  horizontally  or  rooflike  at  sides  of  abdomen 
or  wrapped  around  abdomen  when  at  rest.  When  in  flight,  wings  of  same  side 
held  together,  usually,  by  long  curved  bristle  or  group  of  bristles  attached  near 
base  of  hind  wing  and  known  as  &  frenulum.  Often  have  two  ocelli.  Pupae  very 
often  protected  by  cocoons. 

Family     1.  Carpenter  moths,  Family  Cossidae 

Family    2.  Slug-caterpillar  moths,  Family  Eucleidae 

Family    3.  Leaf  miners,  clothes  moths,  etc.,  Family  Tineidae 

Family    4.   Bagworm  moths,  Family  Psychidae 

Family    5.   Gelechiid  moths,  Family  Gelechiidae 

Family    G.   Plutellid  moths,  Family  Plutellidae 
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Family    7.  Clear-winged  mollis.  Family  /Egeriidac  (Sesiids) 

Family    8.  Leaf-roller  moths,  Family  TortricidsE 

Family    9.   Pyralid  moths,  Family  Pyralididee 

Family  10.   Hawk  moths  or  sphinx  moths,  Family  Sphingida 

Family  LI.   Measuring-worm  moths,  Family  Geometridse 

Family  L2.  Prominents,  Family  Notodontida 

Family  13.  Tussock  moths,  Family  Lymantriidffi 

Family  It.  Owlet  moths,  Family  Noctuida 

Family  15.  Tiger  moths,  Family  Arctiidas 

Family  16.   Royal  moths,  Family  Citheroniidae 

Family  17.  Qianl  silkworm  moths,  Family  Saturniidse 

Family  IS.   Silkworm  moths,  Family  Bomhycida' 

Family  19.  Tent  caterpillars  and  others,  Family  Lasiocampidae 
B.  Suborder  Rhopalocera. — Butterflies  and  Skippers.  Dayfliers.  Antennae  clubbed 
or  enlarged  near  the  tip.  Wings  usually  held  vertically  above  the  body  when  at 
rest  with  the  upper  surfaces  of  the  two  pairs  in  contact.  When  in  flight,  wings  of 
the  same  side  are  held  together  usually  by  an  expansion  of  the  membrane  of  the 
hind  wing  near  its  base  which  is  known  as  a  jugum.     No  ocelli. 

1.  The  Skippers. — Abdomen  heavy.  Antennae  with  a  recurved  hook  at  the  tip, 
their  bases  wide  apart.  Larva)  with  a  distinct  necklike  constriction  just  behind 
the  head. 

Family  20.  The  Common  Skippers,  Family  Hesperiidae  (Fig.  139) 

2.  The  Butterflies. — Abdomen  slender.  Antenna)  without  a  recurved  hook  on  the 
terminal  club,  their  bases  inserted  close  together.  Pupa)  never  protected  by 
cocoons. 

Family  21.  Swallowtails,  Family  Papilionida)  (Fig.  140) 

Family  22.  White  and  sulfur  butterflies,  Family  Pieridae 

Family  23.  Four-footed  butterflies,  Family  Nymphalidae 

Family  24.  Hair-streaks  or  gossamer  wings,  Family  Lycaenidae 

ORDER  HYMENOPTERA 

Bees,  Wasps,  Ants,  Sawflies,  Parasites,  and  Others 

Everyone  knows  at  least  three  kinds  of  Hymenoptera — bees,  wasps, 
and  ants.  But  not  only  are  there  numerous  families  of  bees,  wasps  and 
ants,  but  in  addition  to  them,  the  order  includes  a  much  greater  number 
of  species  of  other  habits,  such  as  the  parasitic  wasps,  the  gall  wasps, 
and  the  sawflies,  which  are  fully  as  important  to  us  and  altogether  as 
interesting  as  the  better-known  kinds,  but  which  are  not  well  known. 

This  order  is  listed  as  third  in  point  of  size  (see  Table  VI,  p.  171), 
but  it  has  been  so  little  studied  in  comparison  with  the  beetles  or  moths 
and  butterflies  that  it  would  not  be  surprising  to  see  it  surpass  these 
orders,  when  its  unnumbered  species  are  once  thoroughly  studied. 

Most  authors  place  the  Hymenoptera  at  the  top  of  the  list  of  orders, 
in  much  the  same  way  that  man  is  placed  at  the  pinnacle  of  the  vertebrate 
animals;  and  for  much  the  same  reason.  This  order  appears  to  exhibit 
instinctive  behavior  in  its  highest  state  of  perfection.  In  some  of  its 
representatives  is  found  at  least  a  low  grade4  of  intelligence;  that  is.  the 
ability  to  learn,  or  profit  by  experience. 
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\-  a  basis  for  the  social  organization  which  is  so  elaborately  perfected 
m  the  better-known  Hymenoptera,  we  note  thai  care  of  tht   young  \> 


Fig.  141. — Wings  of  the  honeybee  showing  the  minute  hooks  or  hamuli  that  serve  to 
lock  the  two  wings  together.  (From  Comstock's  "Introduction  to  Entomology,"  Comstock 
Publishing  Co.) 

widespread  and  often  solicitous,  in  contrast  with  most  insects  which 
ordinarily  pay  no  attention  to  their  young  after  the  eggs  are  laid.  The 
larvae  of  many  groups  of  this  order  are  completely 
dependent  upon  their  parents  (or  other  adults)  for  food. 
Among  the  parasitic  and  gall-making  species  this  obliga- 
tion is  discharged  by  the  females  when  they  lay  their  eggs 
in  the  midst  of  an  abundance  of  food.  The  solitary 
wasps  and  bees  generally  gather  and  store  a  quantity  of 
food  of  a  suitable  kind,  available  to  the  larva?  in  the  nest 
when  they  hatch  from  the  egg.  But  the  social  wasps 
and  bees,  and  the  ants,  bring  food  to  the  larvae  day  by 
day,  during  their  entire  lives,  and  often  feed,  clean,  guard, 
of  a  honeybee  and  care  for  the  young  in  a  manner  suggestive  of  the 
showing  chewing-  maternal  care  that  is  general  among  the  higher  vertebrate 
parts  from  in  front,  animals.  All  of  the  ants  and  many  of  the  wasps  and 
a,  antenna;  c,  clyp-  bees  live  together  in  great  colonies,  leading  a  complex 

eus;  u,  labrum;  rn,  .    .  ...       ..  ,  .      ,.  ,    . 

mandible;  mx,  social  or  cooperative  lite,  the  wonders  ot  which  increase 
maxilla;   p,    labial  the  more  intimately  man  exposes  their  details  to  com- 

palp;    I,    labium.  ,  ,     , 

(From     Comstock's  m°n  knowledge. 

■introduction  to  The  social  life  of  the  Hymenoptera  is  rivaled  by  that 
s to7k° 0publish°h,'g  °f  ^ne  termites  already  described.  As  in  that  case,  the 
^°)  reproductive    function  is   limited  to  a  few  specialized 

individuals  (kings  and  queens),  while  the  vast  majority 
of   the   adults   remain   infertile.     These   barren   individuals   work,   not 
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for  themselves,  t >u t  for  the  common  good,  building  and  cleaning  the 
nests,  foraging  for  food,  fighting  off  invaders,  and  taking  complete  care  of 
the  prodigious  number  of  young  that  hatch  from  eggs  Laid  by  the  queens. 

In  contrast  with  the  termites,  the  workers  and  soldiers  of  the 
Hymenoptera,  when  these  castes  are  developed,  are  exclusively  females. 
The  males  accordingly  have  earned  the  name  drones,  their  sole  usefulness 
to  the  species  apparently  being  to  insure  the  fertility  of  the  queen's  eggs. 
The  unusual  mental  development  of  the  higher  Hymenoptera  is  a 
strong  reason  for  listing  this  order  as  the  most  specialized.     But  it  should 
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Fig.    143. — Dorsal  view  of  a  sawfly  to  show  names  of  the  principal  parts  of  the  body  which 
are  used  in  classification.      (From  Conn.  State  Geol.  and  Xat.  Hist.  Sur.  Bull.  22.) 

be  considered  as  only  one  criterion  and  not  be  allowed  to  overshadow 
other  considerations.  In  the  matter  of  wing  specialization,  the 
Hymenoptera  are  surpassed  by  the  Diptera  or  the  Coleoptera  and  possibly 
by  the  Lepidoptera  and  Hemiptera.  In  the  specialization  of  the  mouth 
parts,  the  Diptera,  Siphonaptera,  Anoplura,  Hemiptera,  Homoptera, 
and  especially  the  Lepidoptera,  have  gone  much  farther.  These  are  some 
of  the  reasons  we  have  for  giving  the  Hymenoptera  in  our  series  a  middle 
ground  among  insects  with  a  complete  metamorphosis. 

The  Hymenoptera  have  a  complete  or  complex  metamorphosis.  The 
larvae  of  this  order  vary  much  more  in  form  than  those  of  the  beetles  or 
moths,  ranging  from  caterpillar-like  sawflies,  with  distinct   head,  well- 
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developed  legs  and  prolegs,  and  independent  active  habits,  to  the  Legli 

and  practically  helpless  progeny  of  bees,  wasps,  and  ants.  The  sawlly 
larvae  (Fig.  83,  A)  can  be  distinguished  from  caterpillars  (Lepidopteroufl 
larvae),  which  they  most  resemble,  by  the  number  of  prolegs,  which  is 
from  six  to  eight  pairs,  whereas  Lepidopterous  larvae  (Fig.  54)  never  have 
more  than  five  pairs;  also  the  prolegs  are  not  provided  with  crochets  like 


Fig.   144. — Larva  of  a  digger  wasp,  Tiphia  sp.,  note  reduced  head,  spiracles  on  the  sides  of 
the  body,  and  absence  of  legs.     (From  III.  State  Nat.  Hist.  Sur.) 

those  of  Lepidoptera;  the  adfrontal  sclerites  are  never  present  in  Hymen- 
optera;  and  the  ocelli  are  at  most  one  pair  in  Hymenoptera,  always  more 
than  one  pair  in  Lepidopterous  larvae.  The  more  specialized  larvae 
(Fig.  144)  differ  from  Dipterous  larvae,  with  which  they  are  most  likely  to 
be  confused,  in  having  a  recognizable  head  (although  it  may  be  reduced  in 


Fig.   145. — One    of    the  horntails,   the  pigeon   tremex,    Tremex  eolumba   (Linne),   natural 
size.      (From  Kellogg's  "American  Insects,"  after  Jordan  and  Kellogg.) 

size),  with  distinct  mouth  parts.  Also,  in  contrast  with  most  Diptera, 
the  larvae  usually  have  a  pair  of  spiracles  on  each  of  the  principal  abdom- 
inal segments,  and  not  a  large  complex  pair  close  together  on  the  last 
segment.  The  antennae  are  usually  wanting,  and  the  ocelli  wanting  or  a 
single  pair.  In  the  higher  families  the  head  of  the  larva  is  opaque  white 
like  the  rest  of  the  body. 
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The  pups  (Figs.  84,  A,  M  and  85,  M)  resemble  beetle  pupse  in  having 
the  appendages  qoI  immovably  fastened  to  the  general  body  wall.  The 
antennae  of  the  pupa  are  always  longer  than  the  head,  and  the  mandibles 
can  be  recognized  as  of  the  chewing  type.     The  labium  and  maxilla;  are 

elongate,  the  compound  eyes  show  distinctly,  and  the  pupa  is  generally 
surrounded  by  a  silken  cocoon.  In  some  of  the  Hymenoptera,  the  meta- 
morphosis  is  complicated  by  jwJucmbryony,  the  name  given  to  the  remark- 
able condition  in  which  anywhere  from  2  to  over  150  individuals  develop 
from  a  angle  egg  by  the  splitting  up  of  the  egg  at  an  early  stage  of  devel- 
opment into  a  number  of  embryos.  The  life  cycle  may  be  further  compli- 
cated by  parthenogenesis  and  an  alternation  of  generations.  In  some  species 
a  given  general  ion  may  be  all  females;  these  lay  unfertilized  eggs  on  a  kind 


Fig.  146. — The  pear  slug,  Caliroa  cerasi  Linne.  a,  adult  female  sawfly;  b,  larva  with 
slime  removed,  side  view;  c,  slime-eovered  larva,  dorsal  view;  d,  leaves  being  skeletonized 
by  the  larvae,  natural  size.  Natural  size  of  a,  b,  and  c  is  indicated  by  the  lines.  (From 
Sanderson  and  Jackson,  "Elementary  Entomology,  after  U.  S.  D.  A.) 

of  plant,  say  an  oak,  and  a  characteristic  gall  grows  on  the  plant  to  shelter 
t  he  insect.  When  this  generation  of  insects  is  mature  they  may  be  of  both 
sexes,  and  the  females  lay  fertilized  eggs  on  another  kind  of  plant,  for 
example  a  rose.  As  a  result,  the  rose  develops  a  gall  altogether  different 
in  appearance  from  that  of  its  parents  on  oak.  When  these  young  are 
mature,  all  prove  to  be  parthenogentic  females  that  seek  the  oak  again 
and  produce  galls  like  those  in  which  their  grandparents  developed. 
Until  such  species  are  carefully  watched  through  several  generations,  they 
are  sure  to  be  described  as  two  distinct  species,  so  different  are  they  both 
in  habitat  and  in  appearance. 

The  wings  in  this  order  (Fig.  141)  are  four  in  number.  They  are 
generally  small,  transparent,  and  with  comparatively  few  veins.  The 
front  pair  is  distinctly  larger.  The  hind  wing  usually  fits  exactly  against 
the  hind  margin  of  the  front  wing,  to  which  it  is  fastened  by  a  row  of  very 


21  l 


DESTRUCTIVE    \\l>   I  SEFl  I.   INSECTS 


minute  hooks.      The  student  should  note  this  carefully,  otherwise  lie  may 

mistake  certain  ones  of  this  order  for  Dipt  em,  since  the  t  wo  pairs  of  wings 
are  so  closer)  fitted  together  as  easily  to  l>e  mistaken  for  a  single  pair. 

The  mouth  parts  vary  from  the  chewing  type  to  a  combination  of 
chewing  and  lapping  structures  (Fig.  142).  In  all  cases  the  labrum  and 
the  mandibles  are  essentially  like  those  of  Orthoptera  and  Coleoptera. 
The  maxillae  and  labium  are  also  essent  ially  of  the  chewing  type  in  the  less 
specialized  families,  but  in  the  bees,  wasps,  and  ants,  these  two  paired 


Fig.  147. — A  wasp,  LysipfUebus  testaceipea  (Oresson),  depositing  its  eggs  in  the  body  of 
the  alfalfa  aphid,  much  enlarged.  (From  Essiy's  "Insects  of  Western  North  America," 
copyright,  1926,  by  The  Macmillan  Company.     Reprinted  by  permission.) 

structures  become  progressively  longer  and  longer,  to  form  a  hairy, 
lapping  tongue  which  makes  a  food  channel  up  which  liquids  flow  as  the 
insect  feeds  (see  p.  126  and  Fig.  72). 

One  specialization  peculiar  to  the  Hymenoptera  is  the  modification  of 
the  ovipositor  into  a  defensive  and  offensive  organ  known  as  a  "  stinger. " 
This  organ  of  defense  and  offense  is  found  only  among  the  insects  of  the 
order  Hymenoptera — the  bees,  many  of  the  wasps  and  certain  kinds  of 
ants,  besides  the  distantly  related  scorpions. 

The  stinger  of  a  bee  or  wasp  is  a  very  complex  and  beautifully  adapted 
organ.  It  is  known  to  be  the  equivalent  (homologue)  of  the  egg-laying 
organ  in  other  insects  and  it  follows  therefore  that  only  the  females  of  insects 
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can  sting.  En  many  of  the  Hymenoptera  (Fig.  40),  a  greatly  elongated, 
Btinglike  organ  serves  the  function  of  thrusting  eggs  into  plant  parts  but 
is  never  used  in  defense.  The  stinger  consists  of  a  similar  mechanism  for 
penetrating  the  skin  to  a  depth  of  perhaps  Ho  in('M  :ir"1  °* :l  system  of 
glands  to  Becrete  the  venom  thai  is  injected  into  the  wound.  In  the 
honeybee,    the   sting    proper    consists    of   two   extremely   sharp,    highly 


Fig.  148. — A  Bphecid  wasp,  Ammophila  sp.  putting  a  paralyzed  measuring  worm  into 
her  burrow  to  serve  :is  food  for  her  young.  When  the  nest  is  completed  and  the  eggs  laid, 
the  was])  takes  a  small  pebble  in  her  mandibles  and  packs  down  the  earth  with  which  she 
closes  her  burrow.      {From  Kcllogg's  "American  Insects.") 

polished  brown  spears  or  darts  which  appear  as  one.  Their  concave 
inner  surfaces  make,  between  them,  a  fine  tube  down  which  the  venom  is 
forced  to  emerge  at  their  tips.  As  the  insect  stings,  these  two  darts 
are  alternately  and  very  rapidly  thrust  in  and  out  on  guide  rails  of  a 
surrounding  sheath.     Each  dart  has  near  its  tip  9  or  10  recurved  hooks 


Fig.  149. — A  mud-dauber,  Scdiphron 
cetnentaritu  (I)rury).  (From  ,Sand< raon  and 
Jackson    "Elementary   Entomology"  afti  r  S, 

./.  Hunti  r. 


Fig.  150. — The  bald-faced  hornet,  Vespa 

maculata  Kirby,  about  natural  size.  (From 
Sanderson  and  Jackson,"  El<  >n  <  ntary 
Entomology") 


which  hold  it  firmly  until  the  next  thrust  carries  it  still  deeper.  Because 
of  these  hooks,  the  honeybee  can  seldom  remove  her  stinger,  and  it,  with 
more  or  less  of  the  viscera,  is  torn  away  as  she  escapes.  Other  bees, 
wasps,  hornets,  and  ants  may  sting  repeatedly. 

The  pain  of  the  sting  is  due  to  the  venom.     In  some  of  the  Hymen- 
optera this  vemon  is  deadly  to  other  insect-  and  small  animals  receiving 
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it.  In  others  it  has  only  a  paralyzing  effect  and  is  used  to  stupefy  Hies, 
spiders,  crickets,  caterpillars,  or  beetles  upon  which  eggs  are  laid  and  the 
helpless  plunder  is  then  sealed  up  in  their  nests  as  food  for  the  forth- 
coming young  (Fig.  148). 

Another  peculiarity  of  the  adults  of  this  order  is  that  one  abdominal 
segment  is  fused  with  the  thoracic  mass,  so  thai  what  appears  to  be  the 
first  abdominal  segment  is  in  reality  the  second. 

Wings  typically  four,  small,  membranous,  with  few  veins;  hind  wings 
smaller,  often  hooked  to  front  pair      Mouth  parts  chewing  or  chewing  and 


a 


Fig.  151. — Paper  nest  of  the 
bald-faced  hornet,  Veapa  maculata 
Kir  by,  actual  size  10  to  15  inches  in 
diameter.  (From  Kellogg' s  ''Ameri- 
can Insects.") 


Fig.  152. — A  paper-nest  wasp,  Polistes  sp. ;  a,  nest 
and  egg;  b,  young  larva;  c,  older  larva;  d,  pupa;  e, 
adult.  All  enlarged  one-half,  except  nest,  which  is 
reduced.      (From  Kcllogg's  "American  Insects") 


lapping.  Abdomen  often  with  a  slender  waist  and  its  first  segment  united 
with  the  thorax.  Female  provided  with  an  ovipositor  or  stinger.  Metamor- 
phosis complete.  Larva  either  caterpillar-like  or  legless,  with  distinct  head, 
and  spiracles  on  the  principal  segments.  Prolegs,  when  present,  usually 
more  than  five  pairs  and  without  crochets.  No  adfrontal  areas.  Pupoj 
with  appendages  free,  commonly  encased  in  cocoons.  Many  species  live  in 
societies. 

The  destructive  species  are  comparatively  few,  the  following  being  the 
best  known:  wheat  joint  worm  (p.  374),  pear  slug  (p.  616),  sawflies 
(p.  663),  currant  worm  (p.  633),  corn  field  ant  (p.  315),  house  ants  (p.  734). 

The  classification  of  the  Hymenoptera  appears  to  be  in  a  very 
unsettled  condition.     The  following  outline  will  indicate  the  principal 
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families  and  something  of  their  natural  grouping.     We  have  followed 

Comstock's1  account  in  many  respects  but  have  varied  from  the  opinions 

of  specialists,  where  by  so  doing  ii  seemed  possible  to  give  ilie  non-techni- 
cal student  a  more  useful  working  conception  of  these  insects. 


I'm.  153. — The  little  black  ant,  Monomorium  minimum  Buckley;  a,  male;  b,  pupa;  c; 
female  after  losing  wings;  d,  winged  female;  e,  a  sterile  female  or  worker;  /,  larva;  g,  eggs, 
below,  a  group  of  workers  in  line  of  march.  The  lines  indicate  natural  size.  (From 
Marlatt,  U.  S.  D.  A.  Farmers'  Bull.  740.) 


A  SYNOPSIS  OF  THE  HYMENOPTERA 

A.  Suborder  Chalastogastra,  Symphyta,  or  Sessilivenlres. — Foremost  segments  of 
abdomen  as  broad  as  the  following  segments  and  joined  to  the  thorax  by  their 
full  width  (i.e.,  without  a  slender  waist).  The  larvae  feed  on  or  in  plants  and  are 
caterpillar-like  in  appearance. 

Family     1.     The  horntails,  Family  Siricidae  (Fig.  145). 

Family    2.     The  stem  sawflies,  Family  Cephidae. 

Family    3.     The  sawflies,  Family  Tenthredinida?  (Figs.  143,  146  . 

B.  Suborder  Clisfogastra,  Apocrita,  or  Petiolata. — First  segments  of  abdomen  narrower 
than  those  which  follow,  making  the  connection  to  the  thorax  a  slender  petiole 
or  ''waist."  The  larva-  are  of  varied  habits,  always  legless  and  grublike,  with 
head  and  mouth  parts  reduced,  antenna'  and  palps  at  most  of  one  segment,  and 
ocelli  usually  wanting. 

1  Comstock,  "An  Introduction  to  Entomology,"  The  Comstock  Publishing  Com- 
pany, 1924. 
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H  otpt  Of  Wasplike  Forms 
Hairs  of  body  not  branched.      First  segment  of  hind  tarsus  usually  cylindrical. 
No  tubercles  on  petiole  of  abdomen. 

(a)  Solitary  species  consisting  of  only  males  and  females;  each  female  provides  for 
her  own  young. 

1.  Larva>  mostly  parasitic  on  other  insects.  Eggs  generally  laid  through  the 
body  wall  of  the  host. 

Family    4.  Ichneumon  wasps,  Family  Ichneumonida>  (Fig.  40) 
Family    5.   Braconid  wasps,  Family  Braconidae  (Fig.  147) 
Family    6.  Ensign  wasps,  Family  Evaniidae 
Family    7.  Chalcid  wasps,  Family  Chalcididae  (see  Fig.  39) 
Family    8.  Egg-parasite  wasps,  Family  Scelionidae  (see  Fig.  38) 

2.  Larva1  mostly  live  in  galls  which  they  cause  to  grow  on  plants  (see  Fig.  4). 

Family    9.  Gall  wasps,  Family  Cynipidffl 

3.  Larvae  mostly  parasitic  on  other  insects  or  spiders.  Eggs  laid  on  paralyzed 
("stung")  caterpillars,  grubs,  or  spiders,  which  are  buried  in  the  ground 
or  stored  in  mud  cells,  burrows,  tunnels,  mines  or  natural  cavities;  or  on 
active  leafhoppers,  etc.;  or  in  nests  of  other  Hymenoptera.  Or  rarely  food 
is  brought  to  larvae  in  the  nest  from  day  to  day,  by  the  parent  wasps. 

Family  10.    Digger    wasps,    mud-daubers,    and    thread-waisted   wasps, 

Family  Sphecidae  (Figs.  148,  149). 
Family  11.   Dryinid  wasps,  Family  Dryinidae 
Family  12.  Spider  wasps,  Family  Pompilidae 
Family  13.  Cuckoo  wasps,  Family  Chrysididae 
Family  14.  Velvet  "ants,"  Family  Mutillidse 
Family  15.  Vespoid  digger  wasps,  Family  Scoliidae 
Family  16.   Mud  wasps,  Family  Eumenidae 

(b)  Social  wasps  with  a  sterile  worker  caste  in  addition  to  both  males  and  females; 
the  workers  taking  most  care  of  the  females'  young.  Eggs  laid  in  cells  of 
nests  composed  of  paper,  which  the  adults  make  of  wood.  Larvae  are  fed  from 
day  to  day  on  juices  of  insects  or  sweets.  Wings  folded  lengthwise  when  at 
rest. 

Family  17.  Hornets,    yellow    jackets    and    paper-nest    wasps,    Family 
Vespidae  (Figs.  150,  151,  152) 
Ants 
Hairs  of  body  not  branched.     Petiole  of  abdomen  with  one  or  two  swellings  or 
tubercles  (Fig.  495).     Often  wingless.     Social  insects  with  a  sterile  worker  caste,  in 
addition  to  males  and  females.     Nests  in  soil,  wood  or  stems  of  plants,  without 
well-defined  cells  for  each  larva  to  live  in.     Larvae  fed  on  regurgitated  food  from 
adults,  or  on  bits  of  insects,  seeds,  fungi,  etc. 

Family  18.  Ants,  Family  Formicidae  (Fig.  153) 

Bees 

Hairs  of  thorax  branched  or  plumose  (Fig.  155).     First  segment  of  hind  tarsus 
often  broad,  flattened  and  brushlike  for  assembling  pollen,  and  hind  tibiae  often 
specialized  as  a  "pollen-basket"  (Fig.  47,  C).     Nests  provisioned  with  nectar  and 
pollen  from  flowers,  as  food  for  the  young, 
(a)  Solitary  bees  consisting  of  otdy  males  and  females. 

1.  Tongues  (labia)  short  and  broad.  Eggs  laid  in  nests  burrowed  in  ground, 
in  pithy  plants,  or  in  crevices  of  walls  or  buildings.  Cells  separated  by  a 
silky  secretion. 

Family  19.   Bifid-tongued  bees,  Family  Prosopidae 
Family  20.   Colletids,  Family  Collet ida- 


THE  ORDERS  <)/■'  INSECTS 


219 


2.  Tongues  long  and  Blender  (Fig.  I  12). 

i.  Nests  in  burrows  in  plant  stems,  in  cavil  ies  about  buildings  or  in  the  soil. 
Eggs  laid  in  cells  made  of  pieces  of  leaves  cut  from  growing  plants,  or  of 
plant   til>ns.     Pollen-collecting  brushes  on  under  side  of  abdomen  of 
females. 
Family  21.  Leaf-cutting  bees,  Family  MegachilidsB 

ii.   Nests  in  tunnels  cut  in  the  solid  wood  of  buildings  or  trees.      Kggs  laid  in 

cells  separated  by  cemented  sawdust. 
Family  22.  Large  carpenter  bees,  Family  Xylocopida- 
iii.  Nests  in  tunnels  in  pithy  plants.     Cells  separated  by  plugs  of  plant  fiber. 
Family  23.  Small  carpenter  bees,  Family  Ceratinidae 

(b)  Parasitic  or  "cuckoo"  bees  that  lay  their  eggs  in  nests  of  other  bees  and  so  steal 
the  food  or  parasitize  the  rightful  owners.  Tongues  long.  Legs  not  adapted 
for  collecting  pollen.     Males  and  females  only,  no  worker  caste. 

Family  24.  Cuckoo  bees,  Family  Nomadidae 

(c)  Gregarious  bees  consisting  of  only  males  and  females.  Nests  placed  near  together 
in  the  soil  or  in  the  face  of  cliffs,  often  with  a  common  entrance  or  corridor. 
Tongues  short  or  long  and  pointed. 

Family  25.   Mining  bees,  Family  Andrenidae  (Halictidae) 
Family  26.  Anthophorids,  Family  Anthophoridae 

(d)  Social  bees,  with  a  worker  caste  in  addition  to  males  and  functional  females. 
Eggs  laid  in  cells  made  of  wax  secreted  by  worker  bees  (see  Fig.  23). 

1.  Nests  commonly  in  deserted  mouse  nests  on  the  ground  (Fig.    154).     A 
number  of  eggs  usually  laid  together  in  one  waxen  cell. 

Family  27.  Bumblebees,  Family  Bombidac  (Bremidae)  (Fig.  26). 

2.  Nests  built  in  trees  or  in  hives  provided  by  man.     A  single  egg  laid  in  each 
cell  (Fig.  22). 

Family  28.  Honeybees,  Family  Apidae 


Fig.  154. — Nest  of  a  bumblebee,  Bombus  auricomus  Robertson,  in  a  deserted  mouse 
nest.  Note  A,  the  wax-pollen  lining  material  for  protection  of  the  nest;  B,  four  empty 
cocoons  from  which  adult  bees  have  emerged  and  which  arc  used  later  for  the  storage  of 
honey  and  pollen;  C,  a  wax-pollen  mass  enclosing  eggs;  D,  cocoons  containing  larvae, 
pupa>  or  adult  bees  not  yet  emerged;  and  E,  the  remnants  of  the  old  mouse  nest  below. 
(From  photo  fry  T.  II.  Frison.) 
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\<  a  group,  the  Hymenoptera  may  be  considered  more  beneficial 

than  injurious.     There  are  t<>  be  sine  a  number  of  serious  pests.     But 

the  \\»>rk  of  the  very  many  insect  parasites  and  predators,  the  activi- 
ties of  the  bees  in  pollinizing  plants,  and  the  production  of  honey  and 
wax,  undoubtedly  offset  the  injury  inflicted  by  members  of  this  order, 
many  fold. 


Fig.    155. — Branched,   plumose  and  threaded  hairs,  showing  a  characteristic  of  bees. 
a  to/  are  from  bumblebees;  <j  to/  of  Melissodes  sp.;  A-  to  o  of  the  leaf-cutting  bee,  MegachUe 

sp.      (From  Comstock's  "Introduction  to  Entomology"  after  J.  B.  Smith.) 
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The  Fleas 


This  is  a  very  small  order,  very  well  defined,  and  not  closely  related 
to  any  other  group  of  insects.  All  of  the  species  are  wingless  and  all 
are,  in  the  adult  stage,  external  parasites  on  warm-blooded  vertebrates. 
They  are  almost  unique  among  insects  in  being  flattened,  or  thin,  from 
side  to  side,  like  a  sunfish.  The  legs  are  long,  adapted  for  jumping,  and 
the  coxae  are  abnormally  large,  often  being  actually  the  largest  segment 
of  the  leg  (Fig.  555). 

The  body  wall  is  hard  or  tough,  polished,  and  provided  with  many 
backwardly  directed  hairs  and  with  short,  stout  spines,  often  arranged 
so  regularly  as  to  resemble  combs. 

There  are  no  compound  eyes  and  often  the  simple  eyes  also  are 
wanting.  The  three-segmented  antennae  are  concealed  in  grooves  just 
behind  the  eyes  (see  Fig.  67,  A). 

The  mouth  parts  (Fig.  67)  are  piercing-sucking  in  type,  but  differ 
from  any  of  the  other  subtypes  in  having  the  labium  divided  into  two 
segmented  parts  (palps?).     The  mandibles  and  labrum-epipharynx  are 
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adapted  as  stylets  for  piercing  and  forming  the  salivary  duct  and  food 
channel,  but  the  maxilla1  are  broad,  triangular  plates  thai  do  not  enter 

the  wound  bul  do  bear  segmented  palps.  Another  unusual  feature  of 
the  fleas  is  that  the  three  segments  of  the  thorax  arc  very  distinct  and 
free  from  each  Ol  her. 

These  are  almost  the  only  externa]  insect  parasites  of  our  larger  animals 
thai  have  a  complete  metamorphosis.  The  adult  stage  is  the  only  stage 
that  is  known  to  people  generally.  The  eggs  are  not  fastened  to  the 
host,  like  the  eggs  of  lice,  and  so  are  not  noticed.  They  drop  off  the 
host  or  are  laid  on  the  floor  of  the  nest  or  kennel  or  dwelling  of  the  host. 
The  Larvae  that  hatch  from  the  eggs  (Fig.  83,  L)  are  very  slender,  cylindri- 
cal, whitish  maggots  with  a  distinct  head,  antennae  and  mouth  parts,  but 
no  ocelli  and  no  legs.  There  are  12  well-marked  body  segments  in 
addition  to  the  head.  There  are  usually  minute  paired  spiracles  on  the 
thoracic  and  abdominal  segments,  and  each  segment  bears  several  very 
long,  stiff  hairs.  The  larvae,  which  are  very  active,  live  on  such  dead 
animal  and  vegetable  matter  as  they  find  in  the  cracks  of  floors  or  in 
the  dirt  about  the  sleeping  quarters  of  their  hosts.  When  full-grown 
they  spin  a  cocoon  of  silk,  covered  with  particles  of  dirt,  inside  of  which 
the  pupa  is  formed.  The  pupa  may  be  recognized  by  its  compressed 
body,  absence  of  wings,  inconspicuous  eyes,  antennae  which  are  shorter 
than  the  head,  and  mandibles  elongated  for  piercing.  The  appendages 
of  the  pupa  are  free  from  the  body  wall  (Fig.  84,  J). 

Small,  laterally  compressed,  jumping  insects,  entirely  wingless,  usually 
spiny,  and  in  the  adult  stage  living  as  external  parasites  on  warm-blooded 
animals.  Compound  eyes  small  or  absent;  antennee  short,  and  concealed 
in  grooves;  no  neck.  Mouth  parts  piercing-sucking,  with  two  pairs  of 
palps.  Thoracic  segments  distinct.  Coxce  very  large;  hind  legs  fitted  for 
jumping;  tarsal  segments  five.  Metamorphosis  complete.  Larvce  slender, 
cylindrical,  without  legs  or  eyes,  but  with  well-developed  head,  chewing 
mouth  parts  and  spiracles  on  the  principal  body  segments.  Pupoe  without 
wings,  enclosed  in  a  cocoon. 

The  only  families  of  much  importance  are: 
The  common  fleas,  Family  Pulicidse 
The  sticktights  or  chigoes,  Family  Echidnophagidse 

rl 'he  first  family  is  important,  not  only  as  a  very  universal  pest  of 
cats,  dogs,  and  hogs,  that  often  infests  houses  where  pets  are  kept  and 
seriously  annoys  the  persons  that  live  there,  by  biting  them;  but  also 
especially  as  the  known  carriers  of  the  dread  bubonic  plague  or  " black 
death"  (see  p.  839).  The  second  family  includes  the  sticktight  flea 
that  attaches  to  the  head  of  chickens,  the  females  remaining  fixed  in 
this  position  sucking  the  blood :  and  t  he  t  rue  chigoe  or  jigger,1  the  females 
of  which,  after  mating,   burrow  into  the  flesh  of  man,  especially  about 

1  Not  to  be  confused  with  the  chigger  mite  (see  p.  845). 
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the  feet,  and,  as  the  eggs  develop,  increase  enormously  in  size  .'m<l  cause 
bad  sores. 

ORDER  DIPTERA 
Flies,  Mosquitoes,  Gnats,  Midges 

The  final  order  of  insects  on  our  list  is  the  Dipt  era.  They  are  a 
well-marked  group  in  respect  to  the  condition  of  the  wings,  and  fairly 
homogeneous  in  general  appearance;  but  in  habits  and  in  most  other 
characteristics  the  order  presents  great  diversity. 
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Fig.  156. — Dorsal  view  of  a  male  syrphid  fly  to  show  names  of  the  principal  parts  of 
the  body. 

The  following  names  of  veins  are  used  by  some  authors  instead  of  the  ones  shown  in 
the  figure ;  auxiliary  instead  of  subcostal ;  1st  longitudinal  instead  of  radius  1 ;  2nd  longitudinal 
instead  of  radius  2+3;  3rd  longitudinal  instead  of  radius  4+5;  4th  longitudinal  instead  of 
medius  1  +  2;  anterior  cross-vein  instead  of  medio-cubital  cross- vein;  lower  cross-vein  instead 
of  medius  3;  5th  longitudinal  vein  instead  of  medius  3  +  cubitus  1 ;  posterior  cross-vein  instead 
of  medial  cross-vein ;  anal  cross-vein  instead  of  cubitus  2 ;  6th  longitudinal  vein  instead  of 
2nd  anal.      Also  alula  or  squama  instead  of  tegula. 

The  following  names  of  cells  are  used  by  some  authors  instead  of  the  ones  shown  in  the 
figure:  marginal  instead  of  radial  1;  submarginal  instead  of  radial  3;  1st  basal  instead  of 
radial;  1st  posterior  instead  of  radial  5;  2nd  basal  instead  of  medial;  discal  instead  of  1st 
medial  2;  3rd  posterior  instead  of  cubital;  anal  instead  of  1st  anal;  axillary  instead  of  2nd 
anal.      (From  Metcalf,  in  Ohio  Biol.  Survey  Bull.  1). 


They  are  set  apart  from  all  other  orders  of  insects  by  having  a  single 
pair  of  wings  (the  front  pair)  developed  for  flight,  and  each  of  the  hind 
pair  reduced  to  a  short,  slender  thread,  with  a  knob  at  the  end  of  it 
(Fig.  156).  These  rudimentary  second  wings  are  called  halteres  or 
balancers.  There  is  some  evidence  that  they  are  orienting  organs, 
serving  to  keep  the  insects  balanced,  something  like  the  semicircular 
canals  in  the  skull  of  the  vertebrates.  A  few  other  insects  have  a  single 
pair  of  wings,  such  as  certain  beetles  and  May-flies,  but  these  never 
possess  halteres.     Many  of  the  Diptera  are  wingless,  having  lost  the 
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first  pair  of  wings;  bul  even  i lien  the  halteres  usually  remain,  bo  that 
the  possession  of  halteres  is  perhaps  the  most  distinctive  thing  about. 

(his  order.  The  front  pair  of  wings  is  similar  to  those  of  boos  and  wasps 
in  texture;  thai  is,  transparent  and  with  comparatively  few  veins,  as  a 
rule.  They  are  small  in  comparison  with  the  size  of  the  insect,  a  condition 
associated  with  very  swift  flight.  While  usually  clear,  they  may  have 
a  color  pattern  (Fig.  163),  and  sometimes  the  veins  are  bordered  with 
scales. 


Fia.    157. — A  crane  fly  or  tipulid,  male,   adult.      (From  Sanderson,   "Insect  Pests,"   after 

Weed.) 


The  three  body  regions  are  very  distinct  in  Diptera.  The  head  is 
large,  often  hemispherical,  and  attached  to  the  thorax  by  a  very  slender 
stem  or  neck.  By  'reason  of  the  fact  that  only  the  front  wings  are 
functional,  the  thoracic  mass  is  largely  made  up  of  the  mesothorax.  A 
small,  distinct,  semicircular  part  of  the  mesothorax  overhanging  the 
base  of  the  abdomen  is  called  the  scuteUum.  The  abdomen  is  of  varied 
shape,  usually  shows  from  four  to  nine  segments,  and  the  cerci,  ovipositor, 
and  male  genitalia  are  normally  withdrawn,  so  as  to  be  invisible  when 
at  rest. 

The  mouth  parts  of  adult  Diptera  arc  rather  varied  in  form.  Two 
distinct  types  arc  represented;  the  piercing-sucking  type  and  the  sponging 
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type  (see  pp,  120   126).     There  are  several  varieties  of  the  former,  called 

subtypes.  (Sec  Figs,  66,  (*><*>,  and  70.)  So  far  as  known,  no  adult  fly 
masticates  solid  foods;  and  few,  it'  any,  pierce  plants  to  suck  the  sap. 
The  majority  probably  feed  upon  the  nectar  and  pollen  of  flower-;  many 
others  depend  upon  liquid  organic  matter  such  as  that  from  decomposing 
plant  or  animal  bodies,  flowing  sap,  and  honey  dew;  or  they  dissolve 
solid  substances  in  their  saliva  (e.g.,  sugar)  and  sponge  up  the  solution. 
A  number  of  species  are  predaceous  on  other  insects,  sucking  the  juices 
from  their  bodies.  The  females  of  hundreds  of  species,  representing  at 
least  eight  families,  suck  the  blood  of  warm-blooded  animals,  and,   in 


Fig.    158. — A  gall  gnat,   Iformosomyia  oregonensis  Felt,  male,  side  view,   much  enlarged. 

(From  Coir  and  Lovctt,  "Oregon,  Diptera.") 

the  Muscidae  and  Hippoboscidae,  the  males  also  have  this  bad  habit- 
There  are  many  adults  that  take  no  food  whatever,  this  life  stage  generally 
being  short  and  occupied  almost  exclusively  with  the  business  of  getting 
the  eggs  developed,  fertilized,  and  laid. 

The  metamorphosis  is  complete  or  complex.  The  larvae  are  well 
separated  from  the  adults  both  structurally  and  in  habits  and  specialized 
to  a  more  extreme  degree  than  the  larvae  of  any  other  order.  There  are 
very  few  cases  where  the  larvae  and  adults  live  together  and  partake  of  the 
same  kind  of  food,  as  is  so  common  among  the  beetles.  The  larvae  are 
always  legless  and  in  the  larger  part  of  the  order  have  no  distinct  head 
(Figs.  36,  C  and  83,  J).  In  those  species  where  the  head  is  distinct 
(mosquitoes,  for  example,  (Figs.  83,  E,  G,  and  548))  the  mouth  parts  of 
the  larvae  are  of  the  chewing  type;  but  in  the  great  majority  of  species 
the  body  tapers  gradually  to  the  front  end  and  terminates  in  a  small 
conical    segment    which    can    be    protruded    or    retracted.     This    head 
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segment  beam  do  eyes,  and  no  true  mouth  j >.*» rt s.  There  is  a  pair  of 
minute  rudimentary  sense  organs  and  a  pair  of  prominent  mouth  hooks 
which  work  verl  Ically  to  tear  i  he  I  issues  upon  which  t  he  Larva  feeds  or  into 
which  it  tunnels.  The  Larvae  typically  have  a  e()niple\  pair  of  spiracles 
on  the  truncate  last  segment  of  the  abdomen  (Fig  561,/),  and,  sometimes 

at  least,  another  pair  near  the  front  end  of  the  body;  but  commonly 
none  along  the  sides  of  the  body  on  the  other  abdominal  segments. 
Such  larva*  are  called  maggots.  They  live  mostly  buried  or  hidden  in 
decaying  animal  or  vegetable  matter,  in  water  or  mud,  or  inside  the 
bodies  of  plants,  insects,  and  other  animals.  There  are  strikingly  few 
that  {w(\  externally  upon  plants  and  comparatively  few  crop  pests  of 
any  kind.  The  most  serious  are  certain  gall  flies  like  the  Hessian  fly 
(p.  359),  the  many  fruit  flies  of  the  family  Trypetida*,  some  leaf  miners, 


Fki.     1">9. — A    black    fly,    Sim?dium   sp.,  Fig.      160. — A     robber     fly,    side     view, 

female,  side  view  enlarged.      (From  O. shorn,       natural   size.      (From    Kelloog's    "America// 
"  Agricultural  Entomology,"  after  U.  S.  D.  A.)       Insects.") 


root  maggots,  and  borers  in  the  stems  of  plants.  The  attacks  of  the 
larvae  and  adults  upon  animals  are  much  more  serious.  This  is  the  most 
dangerous  order  for  the  carrying  of  human  and  animal  diseases  (see  pp. 
22  25).  Many  species  suck  the  blood  of  animals  as  adults  or  live  as 
larvae  in  their  bodies.  On  the  other  hand,  we  must  note  the  great  benefit 
that  accrues  to  us  from  the  work  of  scavenger  larvae  and  from  those  that 
are  predaceous  or  parasitic  on  various  insects. 

The  pupae  of  Diptera  (Fig.  84,  G,  II)  have  the  appendages  free  from 
the  body  wall  and  can  be  distinguished  from  the  pupae  of  all  other  orders 
by  having  a  single  pair  of  wing  pads.  In  the  higher  families,  the  pupa  is 
protected  in  a  unique  manner.  Instead  of  shedding  the  skin  of  the  last 
active  larval  instar,  when  the  pupa  is  formed,  this  larval  skin  is  retained 
about  the  pupa  and  serves  like  a  cocoon.  It  is  often  inflated  like  a  large 
seed  and  its  walls  become  very  hard  and  thickened  to  form  an  airtight  and 
water-tight  case.  Such  a  case  about  a  larva  or  pupa  is  called  a  puparium 
(Figs.  36,  I),  and  8."),  C).  All  flies  of  the1  suborder  Cyclorrhapha  spend 
the  pupa  stage  in  a  puparium ;  most  of  the  suborder  ( )rthorrhapha  do  not . 
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In  the  hitter  group,  the  pupa  commonly  has  no  particular  protective 
covering;  rarely  a  cocoon  is  formed. 

A  good  many  of  the  flies  are  ovoviviparous,  and  in  this  order  we  have  a 
few  groups  in  which  a  viviparous  reproduction  occurs;  for  example,  the 
Hippoboscidae  and  the  tsetse  flies  of  the  family  Muscida*.  Another 
remarkable  method  of  reproduction  is  the  production  of  young  by  larva- 


Fio.   161. 


-A    bee    fly,    Bombylius    major    Linne.      Twice    natural    size. 
''American  Insects.") 


(From    Kellogg' s 


and  pupa?,  to  which  the  term  pedogenesis  is  applied.     This  occurs  in 
certain  of  the  gall  midges. 

It  is  easy  to  mistake  many  of  the  flies  for  other  kinds  of  insects.  If 
the  student  is  not  careful  to  watch  the  number  of  wings  and  especially 
for  the  presence  of  halteres,  he  will  be  likely  to  place  many  of  his  flies  as 
Hymenoptera,  because  they  are  commonly  banded  with  yellow  and  black, 


Fig.  162.— A  thick-headed  fly, 
Physoccphala  ajffinis  Williston,  enlarged 
one-half.  (From  Kellogg' s  "American 
Insects.") 


Fig.  163. — A  trypetid  fly,  the  white-banded 
cherry  fruit  fly,  Rhagoletis  cingulata  Loew, 
female,  enlarged.  (From  Lochhead,  "Economic 
Entomology ,"  after  Caesar 


like  the  wasps,  or  hairy,  like  bees.  A  few  species  are  louselike  or  ticklike 
in  form,  and  these  can  be  distinguished  from  ticks  by  the  number  of  legs 
and  from  lice  by  the  nature  of  the  mouth  parts,  which  are  exposed, 
piercing  organs. 

Small-  to  medium-sized,  thinly  chitinized  insects.     Adults  with  only  one 
pair  of  wings,  the  front  pair,  which  are  narrow,  membranous,  with  few  veins. 
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The  hind  wings  are  modified  into  hatteres.     Head,  thorax  and  abdomen  very 

distinct.      Com  pound    ci/es    and    thru     Ocelli    usually   present.      Month  ports 

sponging  or  piercing-sucking.     Prothorax  and  metathorax  fused  with  the 

mesoihoraXf  but  scutclliun  distinct.  Metamorphosis  complete.  Larva? 
legless,  usually  maggot-like  with  head  greatly  reduced;  the  mouth  parts  in 
tin  Si  cust  s  r<  placed  by  a  pair  of  mouth  hooks.  Larval  spiracles  generally 
r<  strict,  (I  to  u  email  pair  on  prothorax  and  a  large  group  on  last  segment  of 
abdomen.     Pupa  with  free  appendages  but  often  enclosed  in  a  puparium. 

There  are  comparatively  few  crop  pests,  but  many  that  attack  animals. 
The  following  are  the  most  important  and  the  student  should  refer  to 
them  for  additional  figures  and  descriptions:  Hessian  fly  (p.  359),  cabbage 
maggot  (p.  505),  onion  maggot  (p.  491),  apple  maggot  (p.  584),  clover 
Beed  midge  (p.  405),  mosquitoes  (p.  827),  black  flies  (p.  832),  horseflies 
(p.  768),  horse  bots  (p.  776),  ox-warble  flies  (p.  791),  screw-worm  fly 
(p.  795),  horn  fly  (p.  782),  sheep  "tick"  (p.  803),  and  house  fly  (p.  855). 

Specialists  arc  fairly  well  agreed  about  the  classification  of  the 
Diptera,  at  least  in  its  major  aspects. 

A  SYNOPSIS  OF  THE   ORDER  DIPTERA 

A.  Suborder  Orthorrhapha. — Straight-seamed  Flies. 

The  adult  insects  escape  from  the  pupal  skin  or  pupal  case  through  a  T-shaped  or 
straight  split  down  the  back  or  a  transverse  split  between  the  seventh  and  eighth 
segments  of  the  abdomen.  Pupa  usually  naked.  Adults  do  not  have  a  small, 
lunate-shaped  sclerite  above  the  antennae  known  as  the  frontal  lunule.  Larvae 
often  with  a  distinct  head. 

1.  Nemocera.  The  Long-horned  Flies. — Antennae  usually  long  and  slender,  of  6  to 
39  segments.  Palps  usually  four-  or  five-segmented.  Larvae  have  a  distinct  head, 
eyes,  and  true  mandibles  working  transversely.  First  anal  cell  of  wings  almost 
never  narrowed  toward  the  wing  margin. 

Family    1.   Crane  flies,  Family  Tipulidae  (Fig.  157) 

Family    2.   Moth  flies  and  sand  flies,  Family  Psychodidae 

Family    3.   Midges,  Family  Chironomidae 

Family    4.   Mosquitoes,  Family  Culicidae 

Family    5.  Gall  gnats,  Family  Cecidomyiidae  (Itonididae)  (Fig.  158) 

Family    6.  Fungus  gnats,  Family  Mycetophilidae 

Family    7.   Buffalo  gnats  or  black  flies.  Family  Simuliid»  (Fig.  159) 

2.  Brachycera.  The  Short-horned  Flies. — Antenna'  usually  short,  of  three  segments, 
somct  inies  with  a  style  in  addition,  like  a  small  whip  of  withered  segments  at  the 
end.  Palps  one-  or  two-segmented.  Larva'  often  have  the  head  in  vacillated 
and  mouth  hooks  working  vertically,  instead  of  mandibles.  First  anal  cell 
always  closed  or  narrowed  inward  the  wine  margin. 

Family    8.  Horseflies,  Family  Tabanidae 
Family    9.   Soldier  flies,  Family  St ratiomyiidae 
Family  10.   Robber  flies,  Family  Asilida  (Fig.  160) 
Family  11.   Bee  flic-.  Family  Bombyliiche  (Fig.  161) 
Family  12.  Long-legged  flies,  Family  Dolichopodidae 

B.  Suborder  Cyclorrhapha. — Circular-seamed  Flies. 

The  adult-  escape  from  the  pupal  case  through  a  splil  thai  runs  round  the  end  of 
the  case  and  releasee  a  circular  lid  thai   is  pushed  off  or  aside.     Pupa  always 
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enclosed   by   the  skin   of  the   last    active   larval  stage,   which   hardens   to   form    ■ 

puparium.  Adults  with  a  frontal  lunule  and  antenna-  generally  <>f  three  segments, 
the  third  bearing  an  arista  or  style.  Head  of  larva-  always  greatly  reduced  and 
invaginated  into  the  pharynx.      First  anal  cell  always  closed. 

3.  Aaehusa.  Flics  without  a  Frontal  Suture. — Cap  of  puparium  pushed  olT  by 
expansion  of  the  face  of  the  adult,  when  it  is  ready  to  emerge. 

Family  13.  Flower  flies  or  hover  flies,  Family  Syrphithi     see  Fig.  36) 

4.  Schizophora.  Flies  with  a  Frotdal  Suture. — A  line  or  seam  circles  round  above 
the  base  of  the  antenna1  and  sometimes  extends  down  nearly  to  the  mouth  on 
either  side  of  the  face.  This  is  the  vestige  of  a  crack  in  the  head  through  which 
a  membranous,  expansible,  bladder-like  structure,  known  as  the  /.tilinum,  is 
forced  out  when  the  adult  is  ready  to  emerge.  By  inflating  the  ptilinum  with 
body  fluids  the  cap  of  the  puparium  is  forced  off.  The  bladder  is  then  with- 
drawn into  the  head  and  is  seen  only  if  one  catches  the  adult  very  shortly  after 
its  emergence. 

(a)  Acalyptratffi.  Flies  with  small  tegular;  that  is,  small,  flat  membranous 
expansions  connecting  the  base  of  the  wing,  behind,  to  the  thorax.  They  do 
not  have  a  complete  transverse  suture  across  near  the  middle  of  the  thorax. 
They  are  all  small  flies,  some  very  small.  The  eyes  of  males  do  not  come 
together  on  top  of  the  head. 

Family  14.  Thick-headed  flies,  Family  Conopida^  (Fig.  162) 
Family  15.   Fruit  flies,  Family  Trypetida*  (Fig.  163) 
Family  16.   The  frit  fly  and  others,  Family  Oscinidae 
Family  17.   The  pomace  fly  and  others,  Family  Drosophilidae 

(b)  Calyptratse.  Flies  with  well-developed  tegulce,  that  is,  thin,  subcircular 
membranes  just  behind  the  base  of  the  wing  close  against  the  thorax  (see  Fig. 
156).  The  thorax  has  a  complete  transverse  suture  near  midlength,  above.  This 
division  includes  our  commonest  and  best-known  flies.  They  are  all  medium 
to  large  in  size.  The  males  can  be  recognized  by  having  the  eyes  contiguous, 
at  least  for  a  short  distance,  at  the  top  of  the  head. 

Family  18.  Anthomyid  flies,  Family  Anthomyiidae 

Family  19.  House  fly  family,  Family  Muscidae 

Family  20.   Flesh  flies,  Family  Sarcophagidae 

Family  21.  Tachina  flies,  Family  Tachinidae 

Family  22.   Bot  flies,  Family  (Estridae  (see  Figs.  533  to  535) 

5.  Pujripara. — Louselike,  often  wingless  flies,  with  a  very  tough  skin,  indistinctly 
segmented  abdomen,  and  legs  inserted  far  apart  on  the  sternum.  External 
parasites  on  mammals,  including  bats,  on  birds,  or  on  insects.  The  larvae 
developed  viviparously  until  full  grown  and  born  shortly  before  pupation,  all 
growth  taking  place  at  the  expense  of  the  mother  fly  which  nourishes  the  larva 
from  special  uterine  glands.     Antennae  one-  or  two-segmented. 

Family  23.  The  sheep  tick  and  louse  flies,  Family  Hippoboscidae  (see  Fig.  540) 
Family  24.    Bee  lice,  Family  Braulidae 


CHAPTER   IX 
INSECT  CONTROL 

To  a  large  oxtont,  the  value  of  entomology  is  based  on  insect  control. 
To  a  still  greater  extent  the  support  given  to  this  branch  of  science  by  the 
public  is  in  direct  proportion  to  the  efficiency  of  measures  for  insect 
control  which  have  been  developed  by  entomological  workers.  While 
the  lessoning  of  insect  damage  or  the  control  of  insect  outbreaks  is  not  the 
end  and  aim  of  all  insect  study  it  is  the  most  important.  The  study  of 
insects  is  also  of  the  greatest  value  in  helping  to  solve  some  of  the  ques- 
t  ions  arising  in  the  field  of  general  biology,  and  in  aiding  in  the  under- 
standing of  the  natural  laws  governing  the  development  and  abundance 
of  plants  and  animals. 

Insect  control  in  its  broadest  sense  includes  everything  that  makes  life 
hard  for  insects  and  tends  to  kill  them  and  prevent  their  increase  or  spread 
over  the  world.  The  control  of  insects  can  be  accomplished  in  many 
ways,  which  may  be  classified  as  follows; 

AN  OUTLINE  OF  CONTROL  MEASURES  FOR  INSECTS 

A.  Applied  Control: 

Measures  to  destroy  insects,  that  depend  upon  man  for  their  application  or  success 
and  can  be  influenced  by  him  to  a  considerable  degree. 

I.  Chemical  Control : 

(a)  Insecticides:  Substances  that  kill  insects  by  their  chemical  action. 

1.  Stomach  Poisons:  sprays,  dusts,  or  dips  that  kill  the  insect  when  they 
are  swallowed. 

Examples:  Arsenate  of  lead,  calcium  arsenate,   Paris  green,    sodium 
fluoride,  hellebore. 

2.  Contact  Poisons:  sprays,  dusts,  or  dips  that  kill  the  insect  without  being 
swallowed. 

Examples:  nicotine  preparations,  lime-sulfur,  oil  emulsions,  pyrethum, 
derris. 

3.  Fumigants:  chemicals  used  in  the  form  of  a  jjas  to  kill  insects;  usually 
applied  in  an  enclosure  of  some  kind. 

Examples;  hydrocyanic    acid    gas,    carbon    bisulfide,    nicotine,    sulfur 
dioxide,  paradichlorobenzene. 
(6)    Repellents:  Substances  that    keep  insects  away  from  crops  :ind  animals, 
because  of  their  offensiveness. 
Examples:  Bordeaux  mixture,  creosote,  naptlialene.  oil  of  citronella. 

II.  Physical  or  Mechanical  Control:  Special  operations  against  insects  which  kill 
them  by  their  physical  or  mechanical  action. 

(a)  Hand  Destruction:  hand-picking,  jarring,  swatting,  worming. 
(6)  M echanical  Exclusion:  acreening,  tree-banding,  linear  barriers,  fly  nets. 
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(c)  Use  of  Traps  and  Collecting  <>/  Crushing  Machines. 

(d)  Artificial  Cooling,  Swper  heating,  Burning. 

(e)  Flooding,  Draining,  Dehydration  of  Breeding  Media, 

(J)    Use  of  Electric  it  i/. 

III.  Cultural  Control  or  Use  of  Farm  Practices:   Regular  farm  operations   per- 
formed so  as  to  destroy  insects  or  prevent  their  injuries. 

(a)  Crop  Rotation*. 
(6)    Tilling  of  the  Soil. 

(c)  Variations  in  the  Time  or  Method  of  Planting  or  Harvesting. 

(d)  Destruction  of  Crop  Residues,  Weeds,  Volunteer  Plants,  Trash. 

(e)  Use  of  Resistant  Varieties. 
(J)    Pruning,  'Thinning. 

(g)   Fertilizing  anil  Stimulating  Vigorous  drouth. 

IV.  Biological  Control:  the  introduction,  encouragement,  and  artificial  increase  of 
predaceous  and  parasitic  insects,  other  animals,  and  diseases. 

(a)  Protection    and    Encouragement   of   Insectivorous    Wild    Birds   and   other 

Animals. 
(6)    Use  of  Domesticated  Fowls  and  Mammals. 

(c)  Introduction,  Artificial  Increase,  and  Collonization  of  Parasitic  and  Preila- 
ceous  i?isects. 

(d)  The  Spread  and  Increase  of  Fungous,  Bacterial  and  Protozoal  Diseases  of 
Insects  and  the  Liberation  of  Infected  Insects. 

V.  Legal  Control :  the  control  of  insects  by  controlling  human  activities. 

(a)  Inspection  and  Quarantine  Laws  to  prevent  the  introduction  of  new  pests 
from  foreign  countries  or  their  spread  within  a  country. 

(b)  Laws  to  Enforce  the  Application  of  Control  Measures,  such  as  spraying,  the 
cleaning  up  of  crop  residues,  fumigation,  and  eradication  measures. 

(c)  Insecticide  Laws  to  govern  the  manufacture  and  sale,  and  prevent  the  adultera- 
tion and  misbranding  of  insecticides. 

B.  Natural  Control: 

All  of  the  measures  that  destroy  or  check  insects  which  do  not  depend  upon  man 
for  their  continuance  or  success,  and  cannot  be  greatly  influenced  by  man. 
I.  Climatic  Factors  such  as  rainfall,  sunshine,  cold,  heat,  and  wind. 
II.  Topographic  Features,  such  as  rivers,  lakes,  mountains,  type  of  soil,  and  other 
characteristics  of  the  country  that  serve  as  barriers. 

III.  Predators   and  Parasites  naturally  present  in  the  region,  including  insects, 
birds,  reptiles,  mammals. 

IV.  Insect  Diseases  naturally  present  in  the  region,  such  as  entomophagous  fungi 
and  bacteria. 

A.  APPLIED  CONTROL 

Applied  control  includes  those  methods  under  the  control  of  man, 
which  it  is  necessary  to  use  when  harmful  insects  have  not  been  held  in 
check  by  natural  factors.  Under  this  heading  we  have  (a)  chemical 
control  by  the  use  of  insecticides  and  repellents,  (b)  physical  or  mechani- 
cal control  by  specially  designed  machines  or  other  devices,  (c)  cultural 
control  by  variations  in  the  usual  farm  operations,  (d)  biological  control 
by  the  introduction  and  establishment  of  insect  enemies,  and  (e)  legal 
.control,  by  regulating  commerce  and  other  human  activities  that  affect 
the  prevalence  and  distribution  of  dangerously  destructive  insects. 
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Applied  control  of  insects  is,  as  a  rule,  expensive-,  and  the  amount 
which  one  can  reasonably  expect  to  save  by  the  control  applied  must  be 

weighed  against  the  expense  involved.  When  insects  are  present  in 
numbers  sullicient  to  cause  a  heavy  loss  of  property,  there  is  usually  a 
Btrong  desire  on  the  part  of  the  property  owner  to  stop  this  loss.  The  cost 
of  killing  or  checking  bhe  insects  causing  the  trouble  must  be  carefully 
considered,  and  the  most  economical  means  of  efficient  control  employed. 
A  practical  applied  method  of  control  has  not  been  worked  out  for 
many  of  the  insects  attacking  field  and  forest  crops,  and  certain  classes  of 
those  attacking  live  stock  and  man.  Applied-control  measures  have 
been  developed  for  most  of  the  orchard,  truck-crop,  greenhouse,  stored- 
grain,  shade-tree,  and  household  insects. 

Insecticides 

Insecticides  are  those  substances  which  kill  insects  by  their  chemical 
action.  Insecticides  may  be  grouped  into  three  general  classes:  (1) 
stomach  poisons,  (2)  contact  poisons,  and  (3)  fumigants.  Fumigants  or 
poison  gases  are  generally  the  most  effective  insecticides  to  use  when  the 
insects  and  the  products  they  are  damaging  are  in  a  tight  enclosure  like  a 
house,  storeroom  or  greenhouse.  Sometimes  fumigants  are  used  to 
destroy  insects  in  their  burrows  in  the  soil  or  in  wrood,  and  sometimes  port- 
able enclosures  are  placed  over  plants  out-of-doors  to  fumigate  them. 
Generally  wThen  plants,  animals,  or  products  in  the  open  are  to  be  treated, 
a  spray  or  dust  is  applied.  These  are  of  two  fundamentally  different 
kinds  known  as  stomach  poisons  and  contact  poisons. 

If  the  insect  to  be  destroyed  has  chewing  mouth  parts  (see  Figs.  61 
and  62),  or  the  plants  are  found  to  be  riddled  with  visible  holes  (Fig.  IB), 
a  stomach  poison  should  be  used.  If  the  insect  has  piercing-sucking 
mouth  parts  (see  Figs.  63  and  64),  or  the  plants  are  wilted,  yellowed, 
browned,  or  white-spotted  or  the  leaves  curled,  but  without  visible  holes 
(see  Fig.  2),  a  contact  poison  should  be  used.  Contact  poisons  may 
sometimes  be  used  for  chewing  insects,  but  stomach  poisons  have  not  been 
successfully  used  to  kill  insects  with  piercing-sucking  mouth  parts. 

Stomach  Poisons 
(See  Tables  VII  and  VIII) 

Insecticides  of  this  class  are  used  to  poison  the  food  of  insects.  They 
are  generally  applied  against  chewring  insects  but  may  also  be  used  for 
insects  with  sponging,  siphoning,  or  lapping  mouth  parts  under  certain 
conditions.  There  are  two  principal  ways  of  using  stomach  poisons:  first, 
by  the  use  of  poison  baits — mixing  the  poison  with  a  substance  that  is 
more  attractive  or  tasty  to  the  insect   than  its  usual  food;  secondly,  by 
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covering  the  plants  so  thoroughly  with  the  poison  that  the  insect  will  get 
a  fatal  dose  in  taking  its  usual  food. 

A  satisfactory  stomach  poison  must  be  sufficiently  active  to  kill 
quickly.  It  must  be  inexpensive.  It  must  be  a  sufficiently  stable 
chemical  compound  so  that  it  can  be  mixed  with  other  chemicals  in  water, 
or  as  a  dust,  without  changing  its  toxicity  or  making  it  harmful  to  plants 
It  must  remain  stable  during  shipment  and  storage.  It  must  be  generally 
available  in  large  quantities.  It  must  not  repel  the  insects  against  which 
it  is  to  be  used.  It  must  spread  uniformly  and  adhere  well  to  the  plant 
surfaces  to  which  it  is  applied.  If  applied  to  plants  it  must  not  burn  the 
foliage.  The  ideal  insecticide  should  not  leave  any  residue  dangerous  to 
the  health  of  man  or  animals  on  the  plants  treated. 

The  margin  of  safety  between  a  dose  of  poison  necessary  to  kill  the 
insect  and  the  slightly  larger  dose  that  will  burn  or  damage  the  plant, 
is  very  slight,  and  few  substances  meet  all  of  the  above  requirements. 
The  most  widely  used  stomach  poisons  are  those  composed  of  some  form 
of  arsenic,  such  as  Paris  green,  arsenate  of  lead,  calcium  arsenate,  zinc 
arsenite,  and  many  others.  Some  stomach  poisons  are  also  made  from 
plants  which  contain  substances  like  hellebore  that  are  poisonous  to 
insects.  Many  other  chemicals  besides  arsenic  have  been  found  toxic  to 
insects,  but  only  a  few  of  them,  like  sodium  fluoride,  have  come  into 
general  use  as  insecticides. 

The  Arsenicals. — The  arsenicals,  particularly  arsenate  of  lead  and 
arsenate  of  lime,  have,  except  for  the  residues  which  they  leave,  met 
nearly  all  of  the  requirements  for  a  satisfactory  stomach  poison.  For 
this  reason,  no  great  effort  was  made  for  many  years  to  develop  others. 
The  demand  for  arsenic  has  become  so  great  at  times  in  the  past  that  the 
material  has  increased  in  price  and  the  amount  available  has  been  hardly 
sufficient  to  meet  the  needs.  More  than  31,000,000  pounds  of  calcium 
arsenate,  11,000,000  pounds  of  arsenate  of  lead,  and  3,000,000  pounds  of 
Paris  green  were  used  in  the  United  States  in  1923.  Most  of  the  arsenic 
is  now  obtained  as  a  by-product  in  mining  and  smelting  other  metals, 
mainly  copper  and  silver.  There  are  large  deposits  of  ores  high  in  arsenic 
content  in  several  countries  of  the  world,  and  these  will  possibly  be  worked 
for  the  arsenic  alone  if  the  present  demand  for  this  poison  continues. 
There  is  also  a  probability  that  other  poisons  will  be  utilized  to  a  much 
greater  extent.  Several  oil  and  coal-tar  products  and  the  salts  of  other 
metals  offer  promise  in  this  field. 

Generally  speaking,  the  killing  power  of  an  arsenical  is  in  direct  ratio 
to  the  percentage  of  metallic  arsenic  it  contains.  The  danger  of  "  burn- 
ing" or  injury  to  plants  is  in  direct  ratio  to  the  percentage  of  its  arsenic 
that  is  present  in  water-soluble  form;  since  such  water-soluble  arsenic  can 
enter  the  living  parts  of  the  plant  foliage  and  poison  them.  The  ideal 
arsenical  would  be  one  having  a  very  high  arsenical  content,  none  of  which 
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should  bo  soluble  ID  water  bul    :ill  of  it    readily  soluble  in   the  digestive 
juices  of  the  insect . 

Arsenate  of  Lead. — Of  the  Btomach  poisons,  the  best  known  and  most 
widely  used  is  arsenate  of  Lead.    There  are  two  forms  of  arsenate  of  Lead, 

the  basic  or  triphunbic  Lead  arsenate,  Pb^PbOHXAsO^a.IM)  and  the 
acid  or  hydrogen,  diplumbic  lead  arsenate,  PbHAsO  4. ]  The  latter  form  ie 
the  one  most  generally  used.  It  is  somewhat  more  likely  to  burn  tender 
plants  than  the  basic  form,  but  its  quicker  killing  power  makes  it,  the  more 
desirable.  It  is  the  form  used  in  nearly  all  commercial  lead  arsenate 
It  is  light  and  fluffy,  and  for  this  reason,  stays  in  suspension  well.  Once 
.dried  on  the  foliage,  it  adheres  for  a  long  time.  It  contains  a  high  per- 
cent age  of  arsenic  (equivalent  to  about  33  per  cent  As205),  and  is  suffi- 
ciently stable  so  that  it  can  be  used  with  many  other  compounds  without 
breaking  down. 

The  basic  lead  arsenate  is  of  a  heavy  granular  nature  and  does  not  stay 
in  suspension  well.  It  contains  a  lower  per  cent  of  arsenic  than  the  acid 
(about  23  per  cent  As205),  which  partly  accounts  for  its  slower  kill.  It  is 
a  more  stable  compound  and  for  this  reason  will  not  burn  tender  foliage. 
This  also  reduces  its  killing  power,  as  it  is  not  so  easily  acted  on  by  the 
digestive  fluids  of  insects,  and  for  this  reason  tends  to  pass  through  the 
body  and  be  discharged  in  the  excreta.  While  it  will  kill  most  chewing 
insects,  it  requires  a  longer  time  and  a  larger  amount  than  the  acid  lead 
arsenate.  The  basic  lead  arsenate  is  not  generally  sold  on  the  market, 
but  can  be  obtained  from  any  of  the  large  dealers  in  insecticides,  if  needed 
for  very  susceptible  plants  or  for  use  in  regions  of  very  high  humidity 
where  the  acid  arsenate  sometimes  breaks  down  and  causes  burning. 

Lead  arsenate  was  first  used  as  an  insecticide  in  Massachusetts,  in 
1892,  and  was  developed  by  the  federal  Bureau  of  Entomology,  in  con- 
nection with  their  work  of  controlling  the  gypsy  moth,  in  response  to  the 
need  of  a  stomach  poison  that  could  be  applied  at  greater  strength  than 
Paris  green  without  burning.  The  chief  reason  why  arsenate  of  lead  does 
not  usually  burn  the  foliage  is  because  nearly  all  of  the  arsenic  is  insoluble. 
The  federal  insecticide  law  forbids  the  sale  of  arsenate  of  lead  with  more 
than  three-fourths  of  1  per  cent  of  the  arsenic  in  water-soluble  form. 
Arsenate  of  lead  has  been  on  the  market  as  a  paste  and  a  powder.  The 
paste  contains  about  50  per  cent  water,  when  fresh,  and  should  be  used  at 
twice  the  amount,  by  weight,  of  the  powdered  form.  It  is  now  sold 
almost  entirely  in  the  form  of  a  light  dry  powder.     Arsenate  of  lead  (acid 

1  According  to  the  California  Department  of  Agriculture:  "Acid  or  standard 
arsenate  of  lead  is  a  chemical  combination  of  arsenic  pentoxide  and  Lead  monoxide 
containing  not  less  than  30  per  cent  arsenic  pentoxioU  and  not  less  than  ont  part  of  arsenic 
pentoxide  to  2. 1 4  parts  of  lead  monoxidi .  Basic  arsenate  of  lead  is  a  chemical  combina- 
tion of  arsenic  pentoxide  and  lend  monoxide  containing  not  less  than  '2'2  per  cent  of 
arsenic  pentoxide  ami  not  mon  than  mo  /><irl  of  arsenic  pt  ntoxidt  to  3.10  parts  of  lead 
monoxide." 
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or  basic)  may  be  safely  combined  with  nicotine,  lubricating-oil  emulsion, 
Bordeaux  mixture,  lime-sulfur,  self-boiled  lime  and  sulfur,  and  "dry-mix." 
It  should  not  be  used  with  sodium  and  potassium  sulphide  or  ordinary 
soaps.  The  dosage  varies  greatly  for  different  insects.  An  average 
strength  is  about  }£  ounce  to  each  gallon  of  water  or  other  spray,  or  1 
pound  to  the  barrel. 

Arsenate  of  Lime  or  Calcium  Arsenate  (Ca3(As04)2). — Early  experi- 
ments with  this  material  showed  that  it  is  likely  to  burn  the  foliage  of  all 
but  the  most  hardy  plants.  About  1915,  experiments  conducted  by  the 
federal  Bureau  of  Entomology  demonstrated  that  this  arsenical,  when 
manufactured  in  the  proper  form,  is  nearly  as  safe  as  arsenate  of  lead.  It 
is  a  somewhat  more  unstable  compound  than  arsenate  of  lead,  and  only 
fresh  material  should  be  used.  This  arsenical  should  never  be  used  on 
the  stone  fruits.  It  is  in  general  more  fluffy  and  bulky  than  arsenate  of 
lead,  and  for  this  reason  is  better  adapted  for  use  in  dusting  plants. 
Arsenate  of  lime  may  be  obtained  in  both  paste  and  powder  form,  but  the 
latter  is  by  far  the  most  desirable  for  general  use.  Arsenate  of  lime  has  a 
higher  killing  power  than  an  equal  weight  of  arsenate  of  lead,  as  it  contains 
arsenic  equivalent  to  from  42  to  48  per  cent  As205.  With  tender  foliage, 
at  least  equal  amounts  by  weight  of  fresh  lime  or  one  and  one-half  by 
weight  of  hydrated  lime  should  be  added  to  prevent  burning  of  foliage. 
Calcium  arsenate  may  be  safely  combined  with  nicotine,  lime-sulfur,  or 
Bordeaux  mixture.  It  should  not  be  used  with  soaps.  An  average 
strength  is  34  ounce  to  each  gallon  of  water,  or  %  pound  to  the  barrel. 

Paris  Green  (3CuOAs203-Cu(C2H302)2). — This  form  of  arsenical  was 
the  first  stomach  poison  to  come  into  general  use  for  spraying  plants. 
Its  use  originated  in  the  west  central  United  States  about  1865,  against 
the  Colorado  potato  beetle.  It  remained  the  leading  stomach  poison 
until  the  discovery  of  arsenate  of  lead  in  1893.  It  is  one  of  the  quickest- 
killing  insecticides,  but  is  likely  to  burn  foliage.  The  chemical  name  of 
Paris  green  is  aceto-arsenite  of  copper.  It  usually  contains  arsenic 
equivalent  to  more  than  50  per  cent  As205,  from  2  to  3  per  cent  of  which  is 
generally  in  water-soluble  form.  It  also  contains  about  30  per  cent 
copper  oxide  and  10  per  cent  acetic  acid,  which  are  of  little  value  in  the 
spray.  It  does  not  stick  well,  and  it  settles  rapidly.  Arsenate  of  lead 
and  arsenate  of  lime  have  largely  taken  its  place.  It  may  be  used  in 
combination  with  Bordeaux  mixture,  but  not  with  lime-sulfur,  soaps,  or 
sulfides.  It  should  never  be  used  on  any  of  the  stone  fruits.  It  is  fairly 
efficient  in  poison  baits  and  is  sometimes  used  in  sprays  or  dusts  for 
insects  which  are  very  hard  to  kill.  An  average  strength  is  Jlz  pound  of 
Paris  green  and  1  pound  of  lime  to  50  gallons  of  water. 

White  Arsenic,  or  Arsenic  Trioxide,  or  Arsenious  Oxide  (AS2O3). — This 
is  a  very  active  poison  and  is  one  of  the  cheapest  arsenicals.  It  is  the 
form  from  which  all  other  arsenicals  are  derived.     Because  it  is  com- 
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pletely  Boluble  in  water,  it  is  so  I i k < *  1  >-  to  hum  foliage  that  it  is  do1  safe  to 
use  in  spraying  plants,  but  it  is  used  in  poison  baits.     It  is  sold  in  the  form 

of  a  white  powder.  When  dissolved  in  water,  it  forms  arsenious  acids. 
These  acids  acting  Upon  bases  produce  the  series  of  salts  known  as  arsc- 
iiihs;  for  example,  Paris  green  and  arsenite  of  soda. 

Arsenic  Pentoxide  or  Arsenic  Oxide  (AS2O5). — Arsenic  forms  another 
oxide  known  as  arsenic  pentoxide.  With  water,  arsenic  pentoxide  forms 
arsenic  acids  and  the  action  of  these  acids  on  bases  produces  the  series 
of  sails  known  as  arsenates.  The  arsenates  are,  in  general,  less  toxic  than 
t  he  arsenites,  but  because  of  greater  stability  are  less  likely  to  burn  plants 
and  consequently  are  of  greater  value  as  insecticides. 

Arsenate  of  Soda  (Na3As04.12H20). — This  is  a  highly  soluble  form  of 
arsenical  which  cannot  be  used  for  spraying  the  foliage  of  plants.  It  is 
used  in  poison  baits  and  for  making  other,  more  stable,  insecticides. 

Arsenite  of  Soda  (Na2As203). — This  is  a  very  highly  soluble  form  of 
arsenical  used  mainly  in  poison  baits  and  stock  dips,  and  generally  sold  in 
liquid  form.  It  is  extremely  toxic  to  plants  and  is  extensively  used  as  a 
weed  killer. 

Arsenite  of  Zinc  (Zn(As02)2). — This  arsenical  has  been  used  to  some 
extent  for  spraying  potatoes  and  some  other  plants  with  hardy  foliage. 
It  is  likely  to  cause  severe  burning,  and  should  not  be  used  for  spraying 
any  of  the  orchard  or  bush  fruits. 

Magnesium  Arsenate  (Mg3(As04)2). — This  arsenical  has  been  used 
extensively  for  combating  the  Mexican  bean  beetle,  because  it  does  not 
burn  the  foliage  of  beans.  It  is  less  toxic  than  arsenate  of  lead  or  arsenate 
of  lime. 

There  are  several  other  arsenical  compounds  that  have  been  used  to  a 
limited  extent,  but  which  have  not  proved  of  sufficient  value  to  warrant 
their  general  adoption,  mainly  because  of  their  liability  to  burn  foliage. 
Among  these  may  be  mentioned  arsenite  of  lime,  arsenite  of  lead  and 
London  purple. 

Non-arsenical  Stomach  Poisons. — The  most  important  of  the  stomach 
poisons  that  do  not  contain  arsenic  are  sodium  fluoride,  the  fluosilicates 
and  hellebore. 

Sodium  Fluoride1  (NaF). — This  poison  has  come  into  general  use 
during  the  past  ten  years  as  a  means  of  combating  chewing  lice  on  animals 
and  poultry,  and  for  the  control  of  household  pests,  particularly  cock- 
roaches. While  it  is  primarily  a  stomach  poison,  it  also  acts  to  a  slight 
extent  as  a  contact  poison  when  the  powder  or  solution  is  taken  into  the 
tracheal.  The  commercial  form  of  sodium  fluoride  is  used  undiluted  as 
a  powder  or  mixed  with  other,  non-toxic,  dusts  and  in  solution.  It  should 
not  be  sprayed  on  the  foliage  of  plants.     Sodium  fluoride  is  poisonous  to 

irThis  should  not  be  confused  with  sodium  chloride,  common  salt,  as  the  names 
sound  much  alike 


l>l  WRUCTIVB    iND  USBFl  I.  TNSEi  T8 

man    and   should   not   be  sprinkled   over  foods.     It  is  also  somewhat 
irritating  to  the  skin  and  to  the  respiratory  passages. 

Fluosilicatea.  Recent  work  has  shown  that  the  fluosilicates  of  sodium, 
calcium  and  several  other  bases,  and  also  cryolite,  offer  considerable 
promise  as  stomach  poisons.  The  work  with  these  materials  is  still  in  the 
experimental  stage. 

Hellebore. — Of  the  many  plant  products  that  have  been  tried  as 
poisons  for  chewing  insects,  hellebore  is  by  far  the  best  known.  This 
form  of  insecticide  is  made  from  the  dried  and  powdered  roots  of  hellebore 
plants.  The  white  hellebore  (Veratrum  album)  was  formerly  the  only 
variety  used,  but  the  American  hellebore  (Veratrum  viridis)  has  been 
found  to  be  as  effective.  It  is  quite  toxic  to  insects  when  fresh,  but  very 
mildly  so  to  the  higher  animals.  Hellebore  is  expensive,  but,  because  its 
poisonous  principle  is  volatile,  it  may  be  used  to  advantage  on  nearly 
ripe  fruits  and  mature  leafy  vegetables,  which  should  not  be  treated  with 
arsenicals  because  of  danger  to  the  consumer.  It  must  be  stored  in  a 
tightly  closed  receptacle.  It  may  be  combined  with  any  fungicide,  or 
with  contact  insecticides.  It  is  used  as  a  dust  diluted  with  flour  or  lime 
or  as  a  tea  at  the  rate  of  1  or  2  ounces  to  the  gallon  of  hot  water. 

There  are  many  other  substances  that  have  possibilities  as  stomach 
poisons  for  chewing  insects,  but  those  given  are  the  ones  in  general  use  at 
present. 

Poison  Baits. — In  certain  cases  where  spraying  is  not  practicable,  as 
for  certain  household  insects,  fruit  insects,  insects  that  work  underground, 
and  chewing  insects  attacking  areas  of  crops  too  great  to  be  protected  by 
spraying,  stomach  poisons  may  be  mixed  with  materials  known  to  be 
attractive  to  the  particular  pest,  and  such  poisoned  bait  exposed  where  the 
insects  may  get  it. 

Poison  Baits  for  Grasshoppers,  Cutworms,  Army  Worms,  Crickets,  and 
Earwigs. — For  these  insects  a  very  strong  and  soluble  form  of  arsenical  is 
generally  used.  Arsenate  of  lead  should  never  be  used,  since  it  is  too 
weak  a  poison;  white  arsenic,  Paris  green,  and  arsenite  of  soda  are  com- 
monly used.  Sodium  fluoride  has  been  recommended  as  a  poison  in  baits 
for  the  European  earwig  and  grasshoppers.  The  most  common  carrier 
is  wheat  bran,  moistened  with  enough  water  to  make  it  thoroughly  wet 
but  not  enough  to  drip  without  being  squeezed.  Sometimes  middlings, 
alfalfa  meal,  hardwood  sawdust,  fresh  horse  droppings,  or  even  squares  of 
newspaper  are  used  as  the  carrier.  "Black  strap"  molasses  is  usually 
added,  and  frequently  other  attrahents,  such  as  chopped  whole  oranges 
or  lemons,  amyl  acetate,  salt,  watermelon,  and  apple  are  recommended. 
A  tried  and  tested  formula  is: 

Wheat  bran 25  pounds 

White  arsenic,  Paris  green,  or  sodium  arsenite 1  pound 

Blackstrap  molasses 2  quarts 

Water,  enough  to  make  a  stiff  mash,  usually 3  gallons 
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The  bran  and  poison  are  very  thoroughly  mixed  while  dry.     A  pari  of  the 

Water  is  added  to  the  molasses,  and  the  brail  and  poison  moistened  with 
it   by  shoveling  over  and  over,  more  water  being  added  until  the  desired 

wetness  of  the  mash  is  secured. 

Such  poison  baits  are  usually  scattered  thinly  over-  the  ground  in 
infested  fields,  5  to  10  pounds  being  required  to  cover  an  acre.     For 

grasshoppers,  the  bail  should  be  distributed  in  the  morning  so  as  to  be 
fresh  when  the  hoppers  begin  feeding.  For  cutworms,  army  worms  and 
earwigs,  the  bait  is  best  distributed  in  the  evening,  since  these  insects  are 
nod  urnal. 

Poison  Hails  for  Ants. — These  have  been  extensively  used  for  the 
Argentine  ant  and  to  a  less  extent  for  other  species.  For  the  former 
species  at  least,  it  has  been  found  desirable  to  use  syrup  very  weakly 
poisoned  with  chemically  pure  arsenite  of  soda,  in  order  that  the  worker 
ants,  which  alone  forage  in  houses  and  orchards,  may  have  time  after 
eating  the  poison  bait  to  carry  it  back  to  the  nest  and  feed  some  of  it  to 
the  queens  and  the  larvae.  In  this  way  the  entire  colony  can  be  killed. 
Several  formulae  found  effective  for  ants  are  given  on  page  737.  These 
syrups  are  put  in  tin  boxes  or  cans  having  a  piece  of  sponge  in  the  bottom 
and  the  covers  having  holes  punched  in  them  or  fitting  on  so  as  to  leave 
passages  through  which  the  ants  can  enter  the  boxes.  These  boxes  are 
placed  along  the  runways  of  the  ants  out  of  the  reach  of  children  and  kept 
filled  so  that  a  part  of  the  sponge  is  above  the  syrup.  From  75  to  150 
such  cans  are  used  in  each  city  block  when  fighting  the  Argentine  ant, 
and  entire  municipalities  have  been  freed  of  this  pest  by  this  method. 
Fall  and  early  spring  are  the  best  times  to  use  this  control. 

Poison  Baits  for  Flies  and  Moths. — Commercial  poisoned  fly  papers  to 
be  soaked  in  sweetened  water  have  been  used  for  years  against  the  house 
fly.  A  mixture  of  1  tablespoonful  of  formalin  in  1  pint  of  mixed  water 
and  milk  is  also  commonly  recommended  for  this  pest.  Bishopp  recom- 
mends poisoning  the  screw-worm  fly  by  the  use  of  carcasses  of  large  or 
small  animals,  partially  skinned,  the  flesh  slashed,  and  a  solution  of  1 
pound  white  arsenic  dissolved  by  boiling  in  5  gallons  of  water  poured 
freely  over  the  flesh.  The  fruit  and  vegetable  flies,  whose  maggots 
develop  internally  in  a  great  variety  of  fruits  and  vegetables,  have  been 
killed  in  many  parts  of  the  world  with  mixtures  of  sodium  arsenite, 
potassium  arsenate,  lead  arsenate,  or  other  arsenical,  in  molasses  and 
water.  These  mixtures  are  frequently  sprayed  over  the  foliage  of  the 
plants  on  which  the  maggots  are  feeding,  and  the  adult  flies  lap  up  the 
tiny  droplets  of  sweetened  poison  from  the  leaves.  Poisoned  baits  con- 
sisting of  molasses  or  saccharine  in  water  have  also  been  tried  for  moths 
whose  larvae  are  destructive  to  crops.  Recently  extensive  attempts  to 
bail  the  Oriental  fruit  moth  have  been  carried  on  in  which  a  great  variety 
of  attrahents,  such  as  amy]  acetate,  ally]  alcohol  ami  ethyl  alcohol  have 
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been  hied,  hut  so  far  without  leading  bo  practical  recommendations  for 

control. 

(  lONTACT    POI80N8 

(See  Tables  IX  and  X) 

In  order  to  kill  an  insect  with  stomach  poisons  tho  insect  must  swallow 
the  poison.  Insects  with  piercing  mouth  parts  take  their  food  from 
beneath  the  surface  and  consequently  get  none  of  the  poisons  applied  to 
the  surface  of  foliage  or  fruits;  and  no  effective  method  of  poisoning  the 
sap  of  plants  has  ever  been  discovered.  Consequently  for  the  piercing- 
sucking  plant  pests  we  must  use  a  contact  poison. 

Insecticides  of  this  class  are  used  in  liquid  and  dust  form  to  kill 
insects  by  coming  in  contact  with  or  entering  their  bodies,  other  than  by 
the  mouth,  and  especially  through  the  spiracles.  There  are  many  kinds,  of 
which  the  following  are  the  more  important:  (a)  organic  substances  such 
as  nicotine,  pyrethrum,  derris,  quassia,  and  other  alkaloids;  (b)  caustic 
inorganic  compounds  like  lime-sulfur;  (c)  oils;  (d)  soaps;  and  (e)  sulfur  and 
other  dusts.  They  kill  insects  by  entering  the  tracheae  as  liquids  or 
gases,  and  producing  a  chemical  action  on  the  body  contents,  or,  rarely, 
by  their  physical  action  in  clogging  the  breathing  tubes  and  smothering 
the  insects. 

Contact  poisons  are  used  chiefly  for  piercing-sucking  insects  (Fig.  63) 
that  suck  the  juices  of  plants  or  the  blood  of  animals.  They  are  also  used 
for  certain  kinds  of  chewing  insects  that  cannot  be  readily  killed  by  apply- 
ing stomach  poisons  to  their  food. 

In  spraying  or  dusting  with  contact  poisons,  the  aim  should  be  to  hit 
every  insect  present  with  the  poison,  since  only  those  which  are  hit  by  it 
will  be  killed.  Unlike  stomach  poisons,  contact  poisons  cannot  be  applied 
in  advance  of  an  expected  outbreak  as  a  preventative. 

In  this  class  of  insecticides,  we  have  a  greater  variety  and  diversity  of 
substances  in  general  use  than  is  the  case  writh  the  stomach  poisons. 
Many  substances  that  act  as  contact  insecticides  are  also  toxic  to  plants, 
and  the  margin  between  the  point  of  injury  to  the  insect  and  injury  to  the 
plant  is  often  small.  For  this  reason,  one  must  use  caution  in  applying 
these  insecticides.  There  are  several  plant  products  in  general  use  in 
this  class  of  insecticides  which  are  quite  effective  against  certain  insects 
and  which  are  very  slightly  toxic  to  plants. 

Nicotine  (Ci0Hi4N2). — Of  all  contact  insecticides,  nicotine  is  probably 
the  most  widely  used.  Pure  nicotine  is  a  yellowish,  oily  liquid.  It  is 
extracted  from  tobacco  as  a  solution,  and  is  on  the  market  in  the  forms  of 
nicotine  sulfate  and  of  free  nicotine.  The  manufactured  nicotine  solutions 
are  sold  under  a  number  of  trade  names  and  at  several  strengths.  The 
best-known  brands  in  America  contain  40  per  cent  by  weight  of  nicotine. 
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Free  nicotine  is  more  active  than  the  nicotine  sulfate,  and  kills  more 
quickly  at  a  given  Btrength,  but  its  action  docs  not  extend  over  so  Long 

a  period  and  for  this  reason  it  is  not  so  effective  in  sonic  cases.  It  is 
much  more  volatile4  than  the  nicotine  sulfate,  but  both  should  be  stored 
in  tightly  sealed  containers.  To  be  effective  against  most  insects,  Un- 
diluted spray  should  contain  from  0.06  to  0.05  per  cent  of  nicotine,  or  at 
a  rate  of  1  gallon  of  40  per  cent  nicotine  sulfate  or  free  nicotine  to  S00  to 
1,000  gallons  of  water.  For  small  quantities,  use  1  to  2  teaspoonfula  to 
each  gallon  of  water.  Unless  an  arsenical  is  to  be  used  in  the  same 
mixture,  soap  should  always  be  dissolved  in  hot  water  and  added  to  the 
nicotine  spray  to  aid  in  liberating  the  nicotine  and  serve  as  a  spreader. 
A  cubic  inch  of  soap  to  each  gallon  of  spray,  or  2  or  3  pounds  to  the  barrel, 
is  the  right  amount.  Soap-oil  emulsions  are  also  excellent  spreaders  and 
carriers  for  nicotine. 

Owing  to  the  cost  of  manufacture,  nicotine  is  expensive.  Nicotine 
extract  may  be  made  at  home,  but  is  hard  to  standardize  because  of  the 
great  variation  in  the  nicotine  content  of  tobacco  even  of  the  same 
variety  when  grown  on  different  soils  or  under  different  weather  condi- 
tions, or  from  different  parts  of  the  same  plant.  To  make  100  gallons  of  a 
0.05  per  cent  solution,  according  to  the  Virginia  Agricultural  Experiment 
Station,  requires  from  11%  to  145  pounds  of  tobaccp,  depending  on  the 
amount  of  nicotine  in  the  tobacco  used. 

Nicotine  is  also  extensively  used  in  dust  form.  In  the  dusts  the 
nicotine  is  mixed  with  some  diluent,  as  hydrated  lime,  sulfur,  or  other 
light,  finely  divided  material.  Both  the  forms  of  nicotine  are  employed  in 
making  dusts.  The  free  nicotine  is  the  more  desirable  in  a  hot,  dry 
climate  and  the  nicotine  sulfate  where  the  air  is  more  humid.  These 
dusts  are  not  effective  if  applied  when  the  plants  to  be  treated  are  wet 
with  dew  or  rain.  A  simple  method  of  home-mixing  nicotine  dusts  is 
here  given.  The  advantages  of  home-mixing  nicotine  dusts  are:  a 
saving  of  nearly  one-half  of  the  cost  of  the  prepared  dust;  fresh  material 
which  is  of  a  higher  killing  power;  and  availability  when  needed  without 
waiting  for  shipment  from  a  distance.  The  kind  of  material  used  as  a 
carrier  in  nicotine  dusts  has  an  important  effect  on  the  speed  with  which 
the  nicotine  is  released  as  a  gas. 

For  mixing  small  quantities  of  dust,  place  the  hydrated  lime,  dusting  sulfur,  or  other 
dust  to  be  used  as  a  diluent,  in  a  can,  churn,  or  small  keg,  which  has  a  tight-fitting  lid. 
Pour  the  correct  amount  of  40  per  cent  nicotine  sulfate,  or  40  per  cent  free  nicotine, 
over  the  dust  in  the  container;  add  10  to  15  small  stones  about  the  size  of  hens'  eg^s, 
close  the  lid  tightly  and  roll  the  container  hack  and  forth  for  10  minutes.  Do  not  roll 
rapidly,  as  the  dust  will  mix  better  if  the  container  is  rotated  at  about  30  to  40  revolu- 
tions per  minute.  Be  sure  that  the  dust  and  nicotine  are  thoroughly  mixed.  If  it 
is  to  be  stored,  it  should  be  placed  in  a  ti^ht  container,  and  kept  in  a  dry,  cool  place. 
i  or  a  1  per  cent  dust  use  1  \ .,  pounds  40  per  cent  free  nicotine  (or  nicotine  sulfate  to 
Is-    i  pounds  of  the  carrier. 
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For  a  2  per  cenl  dust  uge  2)4  pounds  40  per  cent  free  nicotine  (or  nicotine  sulfa 

to  47 '  •>  pounds  of  the  carrier. 
For  a  3  per  tent  dual   use  .T* ,   pounds  40  per  cent  free  nicotine  (or  nicotine  sulfate 

to  4f>'  ,  pounds  of  the  carrier. 
For  a  5  per  cent  dust  use  ti1  ,  pounds  40  per  cent  free  nicotine  (or  nicotine  sulfate)  to 

4334   pounds  of  the  carrier. 
The  mixer  should  never  he  more  than  one-third  full  while  it  is  being  used.      As  the 
materials  for  making  the  dust  will  keep  much  better  than  the  prepared  dust,  it  is  not 
advisable  to  make  it  in  large  quantities. 

Nicotine  is  also  used  extensively  for  greenhouse  fumigation  and  for 
stock  dips  to  rid  animals  of  parasites.  Nicotine  may  be  combined  with 
most  standard  sprays,  and,  unless  used  at  greater  than  the  above 
strengths,  will  not  injure  the  foliage  of  any  but  the  most  tender  plants. 
For  fumigating,  the  free  nicotine  should  be  used,  since  the  nicotine 
sulphate  is  not  readily  volatile. 

Pyrethrum  Powders  and  Extracts. — The  active  killing  agent  of  this 
insecticide  is  a  volatile  oil  which  is  highly  poisonous  to  most  insects,  but 
only  mildly  so  to  the  higher  animals.  It  is  made  from  the  dried  heads  of 
plants  of  three  species1  of  the  genus  Chrysanthemum  (Pyrethrum).  As 
the  oil  is  highly  volatile,  the  insect-killing  power  of  this  material  is  soon 
lost  if  it  is  not  kept  in  tight  containers,  and  only  fresh  material  should  be 
used.  The  oil  is  driven  off  more  rapidly  at  high  temperatures,  making 
this  insecticide  more  effective  under  such  conditions.  It  is  too  expensive 
for  use  on  a  large  scale,  but  is  of  value  for  some  insects  in  greenhouses, 
dwellings,  and  on  outdoor  flowering  plants.  The  powdered  flower  heads 
are  extensively  used  in  fly  poisons,  bug  poisons,  and  other  commercial 
preparations  sold  under  many  trade  names,  such  as  Buhach,  Persian,  and 
Dalmatian  insect  powders.  The  active  oil  is  also  extracted  from  the 
flower  heads  and  is  used  very  extensively  for  fly  sprays  on  animals  and  as 
household  sprays  for  combating  bedbugs,  flies,  and  ants.  It  is  the  killing 
agent  in  most  of  these  sprays.  The  use  of  pyrethrum  originated  in  the 
Transcaucasus  region  of  Asia,  where  for  many  years  its  nature  was  kept 
secret.  It  is  now  extensively  grown  and  manufactured  in  California. 
Over  1,500,000  pounds  of  " insect  powder"  have  been  imported  into  the 
United  States  in  a  single  year.  The  dry  powder  is  dusted  about  dwellings 
or  on  infested  plants;  or  a  tea  may  be  made  by  steeping  1  ounce  of  pyreth- 
rum in  1  gallon  of  hot  water.  The  field  of  usefulness  for  this  insecticide 
has  greatly  increased  during  the  past  few  years.  More  than  2,000  differ- 
ent preparations  depending  on  this  material  for  their  killing  agent  are 
now  on  the  market  (Abbott). 

Sulfur',  Lime-sulfur  and  Other  Sulfur  Compounds. — Sulfur  and  its 
compounds  are  among  the  most  important  contact  poisons.  The 
following  list  will  indicate  some  of  its  important  uses: 

1  Chrysanthemum  cineraria! folium,  C.  roseum,  and  C.  marshallii. 
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I.    Sulfur  Dusts: 

(1)  Especially  toxic  to  miles,  Buch  as  chiggers  and  rod  spider. 

(2)  Important  as  a  fungicide  carrier  for  other  dual  insecticides,  such  as  nicotine 
;iik1  arsenate  of  lead.  The  following  mixture  or  some  modification  of  it  is 
extensively  used  <»n  peach. 

Dusting  sulfur so  pounds 

Bydrated  lime 10  pounds 

Arsenate  of  lead 10  pounds 

H.   Mechanical  Spray  Mixtures  of  Sulfur  with  other  Substances: 

(1)  Sulfur-soap  Spray  for  Mites: 

Sulfur 10  pounds 

Soap 2  pounds 

Water 50  gallons 

(2)  New  Jersey  Dry-mix  (a  fungicide): 

Superfine  dusting  sulfur 8  pounds 

Ilydrated  lime  ("finishing  lime") 4  pounds 

Calcium  casemate  (a  bi-product  from  creameries) 8  ounces 

Use  12}^  pounds  of  the  mixture  to  50  gallons  of  spray  as  a  summer  fungicide 
for  apple  and  peach. 

(3)  Self-boiled  Lime  and  Sulfur: 

Sulfur 8  pounds 

Unslaked  lime  (high-grade  quick  lime) 8  pounds 

Water 50  gallons 

The  sulfur  is  intimately  mixed  with  the  lime  by  adding  it  as  the  lime  begins 
to  slake.  The  mixture  is  cooled  before  a  chemical  combination  of  the  lime 
and  sulfur  takes  place.  Used  as  a  summer  fungicide  for  stone  fruits  and  may 
aid  in  checking  San  Jose  scale. 

(4)  Colloidal  Sulfur: 

Made  by  passing  sulfur  fumes  into  soap  and  water  or  glue  and  water,  or  by 
passing  hydrogen  sulfide  (H2S)  gas  into  a  solution  of  sulfur  dioxide  (S02). 
Recommended,  in  combination  with  arsenate  of  lead,  for  apple  scab,  codling 
moth  and  leaf  rollers. 
C.    Chemical  Compounds  of  Sulfur  with  Calcium,  Sodium,  Potassium,  and  Barium: 

(1)  Liquid,  Fire-boiled  Lime-sulfurs: 

(a)  Home-made  concentrated  lime-sulfur: 

Unslaked  lime  (high-grade  quick  lime) 50  pounds 

Sulfur  (flowers  or  ground  sulfur) 100  pounds 

Water,  enough  to  make 50  gallons 

Boil  together  45  minutes  to  1  hour.      Dilute  with  water  to  a  strength  of 
5°  Be.  before  applying  as  a  winter  Bcalecide. 
(6)    Commercial  Lime-sulfur: 

Dilute  to  a  strength  of  5°  Be.  before  applying  as  a  winter  scalecide  (1  part 
to  7  or  8  of  water). 

(2)  Dry  Sulfur  Compounds: 

(a)  Dry  lime-sulfur. 

Use  15  or  more  pounds  to  50  gallons  of  water  as  a  winter  scalecide. 

(b)  Sodium  Sulfide  Compound  ("Soluble  Sulfur  Compound"). 

Use  123^  or  more  pounds  to  50  gallons  of  water  as  B  winter  scalecide. 

(c)  Barium  Tetrasulfide. 

Use  15  or  more  pounds  to  50  gallons  of  water  as  a  winter  scalecide. 

(3)  Potassium  Sulfide: 

Dissolved  1  ounce  in  2  gallons  of  water  forms  an  effective  spray  for  red  spider. 
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Sulfur   and   lime   arc    both    practically    insoluble   in    water   hut    when 

boiled  together  they  combine  to  form  a  scries  of  suits,  some  of  which 
are  soluble  and  others  insoluble.  Lime-sulfur  is  a  mixture  of  the  follow- 
ing compounds: 

( !aS .     ( 'alciwiu  pentasulfide 

(  'aS,     ( Salcium  tetrasulfide 

CaStOi    Calcium  thiosulfate 

CaS03 — Calcium  sulfite 

The  first  three  are  soluble  in  water,  the  calcium  sulfite  is  comparatively 
insoluble;  and  it,  together  with  any  uncombined  sulfur  or  excess  lime 
or  magnesium  or  iron  from  impure  lime,  settles  out  and  forms  the  sedi- 
ment or  ''sludge"  in  home-boiled  lime-sulfurs.  In  the  commercial 
lime-sulfurs  the  sludge  is  removed  before  shipping.  Of  the  first  three 
compounds  the  pentasulfide  and  tetrasulfide,  together  called  polysul- 
fides,  are  believed  to  be  the  valuable  ingredients,  and  it  is  to  them  that 
the  lime-sulfur  owes  its  killing  power  as  well  as  its  characteristic  red 
color. 

Solutions  of  lime-sulfur  were  first  used  as  stock  dips;  they  were  tried 
as  insecticides  in  California  in  1886;  and  have,  since  about  1902,  been 
a  standard  remedy  for  controlling  certain  scale  insects,  particularly  the 
San  Jose  scale.  These  solutions  are  also  efficient  fungicides,  and  are 
used  in  a  large  number  of  combinations.  They  are  very  disagreeable 
to  use  because  of  their  caustic  properties,  which  cause  them  to  burn 
the  face,  eyes,  and  hands  of  the  operator,  and  because  of  their  odor. 
They  should  never  be  used  with  soaps  or  with  soap-oil  emulsions  without 
stabilizers. 

Lime-sulfur  solutions  can  be  made  at  home  by  cooking  together 
fresh  or  stone  lime  and  sulfur.  A  number  of  formulae  are  in  use,  of 
which  the  following  is  typical: 

Lump  or  stone  lime 50  pounds 

Commercial  ground  sulfur 100  pounds 

Water,  enough  to  make 50  gallons 

Heat  about  one-third  of  the  required  amount  of  water  and  to  this  add 
the  lime.  As  soon  as  the  lime  starts  slaking,  add  the  sulfur,  which 
should  have  been  previously  mixed  thoroughly  with  enough  water  to 
make  a  thick  paste.  Then  add  the  remainder  of  the  water  and  boil  for 
from  45  minutes  to  1  hour,  adding  more  water  as  necessary  to  keep 
up  to  the  original  level.  If  cooked  by  steam,  as  is  usually  done,  a 
mechanical  agitator  should  be  provided.  When  the  free  sulfur  has  all 
disappeared,  the  mixture  should  be  strained  and  may  be  stored  in 
barrels,  tanks,  or  cisterns.1 

In  order  to  use  lime-sulfur  solutions  intelligently,  their  strength,  or 
concentration,  must  be  tested.     This  is  done  by  means  of  a  hydrometer, 

1  See  III.  Agr.  Exp.  Sta.  Cir.  277,  Fig.  2,  1928. 
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an  instrumenl  thai  works  on  the  principle  thai  any  object  will  sink  in 
any  liquid  until  it  displaces  its  own  weight  of  thai  Liquid.  The  lighter 
the  Liquid,  the  deeper  it  will  sink;  the  heavier  the  liquid,  the  higher  it, 
will  float.  The  stem  of  the  hydrometer  is  graduated  to  make  measure- 
ments easy.  Two  standard  scales  of  graduation  arc  used,  the  specific 
gravity  scale,  which  begins  at  1,  for  water  at  70°  C,  and  the  Baume  (Be.) 
scale  which  begins  at  0  for  water  at  70°  C.  The  correspondence  between 
these  two  scales  and  the  method  of  testing  lime-sulfurs  are  shown  in 
Fig.  164. 

The  concentrated  home-boiled  and  commercial  lime-sulfurs  must 
always  be  diluted.  Different  batches  of  the  home-boiled  preparations 
will  vary  somewhat  in  strength.  The  many  brands  of  commercial 
lime-sulfur  on  the  market  usually  test  about  33°  Be.  The  33°  material 
should  be  diluted,  1  part  to  7  or  8  of  water,  for  use  as  a  dormant  or 
winter  spray  on  fruit  trees;  or  about  1  to  49  of  water  for  a  summer 
spray.  The  following  dilution  table  has  been  worked  out  to  indicate 
the  number  of  gallons  of  lime-sulfur  at  any  strength  that  should  be 
used  to  make  50  gallons  of  spray,  for  the  different  purposes  specified, 
and  also  the  proportion  of  water  to  use  to  1  part  of  the  lime-sulfur  of 
any  strength. 

As  lime-sulfur  which  has  been  drawn  from  different  levels  in  storage 
tanks  or  barrels  will  give  varying  readings  on  the  hydrometer,  it  is  best 
to  test  the  diluted  spray  mixture  when  ready  to  be  applied  rather  than 
to  depend  on  a  dilution  table.  When  the  application  is  to  be  made  to 
dormant  trees,  the  diluted  lime-sulfur  mixture  should  give  a  reading  of 
about  5°  on  the  Baume  hydrometer,  or  1.035  specific  gravity  (see  Fig.  164). 
For  summer  spraying,  the  reading  shoidd  be  slightly  less  than  1°  Be.,  or 
about  1.005  specific  gravity  (see  Fig.  164). 

Dry  Lime-sulfur. — There  are  a  number  of  dry  powdered  materials  on 
the  market  as  substitutes  for  the  liquid  lime-sulfur.  Dry  lime-sulfur  is 
liquid  lime-sulfur  with  nearly  all  of  the  water  removed.  The  chemical 
content  of  the  material  is  slightly  changed  during  the  drying.  Tests  by 
several  experiment  stations  indicate  that  these  materials  are  about  as 
effective  as  liquid  lime-sulfur  when  mixed  so  as  to  give  the  same  content 
of  sulfur  in  the  dilute  spray  that  occurs  in  liquid  lime-sulfur.  If  made 
to  contain  the  same  amount  of  sulfur  as  liquid  lime-sulfur,  the  materials 
are  much  more  expensive.  It  is  also  troublesome  because  of  the  amount 
of  sludge  in  the  dilute  material.  On  the  other  hand,  they  are  much 
more  convenient  to  ship,  store,  and  handle  than  liquid  lime-sulfur. 

Sodium  sulfide  and  barium  sulfide  are  two  sulfur  compounds  sold 
under  the  trade  names  of  "Soluble  Sulfur"  and  "B.T.S."  They  have 
about  the  same  efficiency  as  dry  lime-sulfur.  Sodium  sulfide  should 
never  be  used  with  arsenate  of  lead. 
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Fig.  164. — Diagrams  showing  how  to  test  lime-sulfur  solution  with  the  hydrometer. 
A  shows  the  way  in  which  the  hydrometer  should  float  in  good,  full-strength,  commercial 
lime-sulfur;  B,  the  way  it  should  float  in  lime-sulfur  properly  diluted  for  winter  or  dormant 
spraying;  and  C,  how  the  hydrometer  should  float  in  lime-sulfur  properly  diluted  for  summer 
spraying.  The  type  of  hydrometer  in  common  use  gives  the  Baume  reading  in  a  scale  on 
the  left  side  and  the  specific  gravity  reading  in  a  scale  on  the  right  side  of  the  spindle. 
Note  that  the  smallest  units  on  the  Baume  scale  are  H°  while  the  smallest  units  on 
the  specific  gravity  scale  are  0.005.     {Original;  drawing  by  R.  D.  Glasgow.) 
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Typical   analyses  of  some  of  those  dry  substitutes  for  liquid  lime- 
sulfur  are  as  follows: 


Drv  li mo-sulfur 


Sodium    sulfide 


Barium  sulfide 


Active  ingredients. 


hurt  ingredient! 


83  to  80% 

CaS5andCaS4.   70-63% 

CaSsOi 5% 

Free  sulfur.  .  .  .      8-12% 

17  20' ; 


85% 

Xa2S4 56% 

Na«S,0,.  .  25% 

Free  sulfur  4% 
15% 


82% 

B.iS, 68% 

BaSjO, 6% 

Free  sulfur.  8% 

1^', 


Oils,     oils  of  different  classes  have  been  very  extensively  employed 
as  insecticides,  and  their  use  is  rapidly  increasing.     The  mineral  oils 
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derived  from  crude  petroleum  are  those  most  generally  used  for  contact 
insecticides,  although  vegetable  oils,  such  as  linseed  oil  and  corn  oil,  and 
animal  oils,  such  as  fish  oil,  also  are  useful.  The  mineral  oils  may  be 
divided  into  two  groups:  (1)  The  light  oils  with  boiling  points  from  L50 
to  550°  F.,  such  as  gasoline  and  kerosene  and  some  fuel  oils;  and  (2)  the 
heavy  oils  with  boiling  points  above  550°  F.,  generally  known  as  lubri- 
cating oils  and  some  crude  oils. 

Oils  are  sometimes  used  undiluted  for  combating  mosquitoes  in 
water,  certain  parasites  on  animals,  and  for  spraying  to  kill  insects 
where  no  attention  need  be  given  to  the  effect  on  plants.  Unfortunately 
they  are  very  toxic  to  plants,  and  to  prevent  this  injury  in  most  cases 
oils  are  used  in  the  form  of  emulsions.  The  emulsions  are  generally 
made,  by  agitation,  with  soap  and  boiling  water,  or  by  the  so-called 
cold-mixed  method  where  the  emulsion  is  made  with  the  aid  of  some 
colloidal  substance,  such  as  Bordeaux  mixture,  calcium  caseinate, 
gelatin,  or  certain  gums  and  clays.  In  any  case  the  emulsifier  forms 
an  extremely  thin  layer  about  each  minute  oil  droplet,  and  thus,  chang- 
ing the  interfacial  tension  between  the  two  liquids,  prevents  the  oil 
droplets  from  coalescing.  The  more  widely  used  oil  emulsions  are 
lubricating-oil  emulsions,  crude-oil  emulsions,  distillate-oil  emulsions, 
and   kerosene   emulsion.1 

Lubricating-oil  Emulsions. — These  emulsions  were  first  used  by  the 
federal  Bureau  of  Entomology  for  the  control  of  citrus  scale  insects. 
During  the  past  few  years  they  have  been  further  developed  by  several 
of  the  state  experiment  stations.  They  are  now  used  extensively  in 
combating  scale  and  other  insects  on  deciduous-orchard  and  shade 
trees  and  some  truck  crops.  There  are  several  formulae  in  general  use. 
One  which  has  given  good  results  is: 

Light-grade  lubricating  oil1 1  gallon 

Water 1  quart 

Potash  fish-oil  soap  or  potash  vegetable-oil  soap 1  to  2  pounds2 

1  The  oils  giving  the  best  results  are  those  within  the  following  limits: 
Volatility  at  110°  C.  for  4  hours,  not  over  2  per  cent, 

Viscosity  at  100°  F.,  90  to  250  seconds  (Saybolt  test), 
Specific  gravity  at  20°  C,  0.87  to  0.93. 

2  The  amount  of  soap  depends  upon  the  hardness  of  the  water. 

The  water,  soap,  and  oil  are  placed  in  a  kettle  or  other  receptacle 
and  heated  to  a  boil,  and  then  pumped  twice,  at  a  pressure  of  75  to 
250  pounds,  through  a  spray  pump  having  the  disc  removed  from  the 
nozzle.  Make  sure  that  all  the  mixture  passes  through  the  pump 
twice.     The  mixture  must  not  be  allowed  to  cool  before  pumping. 

For  making  the  stock  emulsion  on  a  large  scale,  an  all-metal  pump 
is  necessary.  For  small  amounts  a  barrel  pump  may  be  used.  The 
stock  emulsion  is  best  cooked  by  steam.     It  should  not  be  made  in  a 

^Bull.  lUionois  Nat.  Hist.  Sur.,  Vol.  17,  Art.  V,  1928. 
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cooker  which  has  previously  been  used  for  cooking  lime-sulfur,  without 
a  thorough  cleaning.  Ii  should  nol  be  Btored  in  lime-sulfur  hands. 
The  cooker  may  h<>  a  barrel  or  lank  with  a  steam  coil  in  the  bottom 
having  small  apertures  through  which  live  steam  is  emitted  into  the 

mixture  of  soap,  water,  and  oil. 

Lubricating-oil  emulsions  are  made  also  by  pumping  together  oil 
and  certain  substances,  such  as  Bordeaux  mixture,  calcium  casemate, 
milk  powder,  and  certain  colloidal  clays  and  gums. 

DtstiUaU  -oil  Emulsions. — These  emulsions  are  used  principally  for 
the  control  of  pear  thrips.  The  U.  S.  Bureau  of  Entomology  recommends 
the  following  formula  for  making  a  stock  solution  of  this  emulsion. 

Boiling  water 12  gallons 

Fish-oil  soap 30  pounds 

Raw  distillate  oil,  30  to  34°  Be 20  gallons 

Pour  the  boiling  water  into  the  spray  tank  and  add  the  soap  while  the 
agitator  is  running.  As  soon  as  the  soap  is  dissolved,  pour  in  the  oil 
slowly,  continuing  the  agitation.  After  the  oil  has  been  allowed  to  mix 
thoroughly,  pump  the  material,  under  a  pressure  of  175  pounds,  through 
fine  nozzles  and  store  in  clean  receptacles. 

Miscible  Oils. — There  are  many,  so-called  "miscible  oils"  on  the 
market  which  are  used  for  the  control  of  scale  and  other  insects  requiring 
a  strong  contact  spray.  They  are  mainly  mixtures  of  vegetable  or 
mineral  oils  with  vegetable-  or  fish-oil  soaps.  They  readily  emulsify 
with  water  to  form  a  milky,  white  fluid.  The  commercial  miscible  oils 
are  usually  diluted  about  1  part  to  15  to  40  parts  of  water,  according 
to  the  directions  given  by  the  various  manufacturers,  and  used  as 
dormant  sprays  for  scale  insects. 

The  miscible  oils  can  be  prepared  at  home  in  the  following  manner, 
as  recommended  by  the  Washington  Experiment  Station  (Bull.  184, 1924) : 

By  Weight,  By  Volume, 

Per  Cent  Per  Cent 

Luhricating  oil 90  91 

Cresoap 10  9 

Cresoap,  the  name  here  given  to  the  cresylated  fish-oil  soap  emulsifier,  is  made  hy 
dissolving  5  parts  by  volume  of  potash  fish-oil  soap  in  4  parts  of  cresylic  acid  or  tech- 
nical cresol.  By  weight  the  proportions  are  53^  to  4^.  The  soap  should  contain  no 
free  alkali  and  should  have  30  per  cent  of  moisture.  When  the  soap  is  mixed  with 
the  cresol,  the  emulsifier  becomes  fluid  and  will  dissolve  at  once  in  the  oil.  Soda  soap 
or  weak  potash  soap  should  not  he  substituted  for  the  potash  fish-oil  soap  specified 
here.  Several  other  oils  are  used  to  a  limited  extent  in  making  emulsions  for  special 
purposes,  such  as  crude  carbolic  acid,  creosote  oil,  linseed  oil,  and  some  others. 

Kerosene  emulsion  was  formerly  widely  used  for  a  contact  insecticide, 
but  because  of  injury  to  plant  foliage  it  has  been  largely  replaced  by 
other  emulsions.     The  formula  in  general  use  in  this  country  is: 


DESTRUCTIVE    IND  USEFUL  INSECTS 
Soft  water  l      gallon 

Laundry  soup '  _.     pound 

Kerosene 2     gallons 

The  soap  is  dissolved  in  the  water  by  boiling,  the  kerosene  is  added 
Immediately  on  removing  the   water  from   the  fire,   and   the   mixture 

pumped  vigorously  for  about  10  minutes  through  a  spray  pump.  It  is 
then  diluted  with  water  to  the  desired  strength. 

Soaps. — Most  soaps  when  dissolved  in  water  at  sufficient  strengths 
have  value  as  contact  insecticides.  Potash  fish-oil  soaps  are  the  most 
widely  used  for  this  purpose.  Potash  vegetable-oil  soaps  are  of  equal 
merit  and  do  not  have  such  a  disagreeable  odor.  Sodium  soaps  are 
hard  soaps,  or  laundry  soaps,  and  are  used  chiefly  as  stickers  or  spreaders. 
Fish-oil  soap,  or  whale-oil  soap,  at  about  %  pound  to  1  or  2  gallons  of 
water  was  formerly  used  for  many  soft-bodied  insects  and  at  2  pounds 
per  gallon  of  hot  water,  for  dormant  spraying  for  scale  insects,  but  has 
been  supplanted  to  a  great  extent  by  the  more  effective  oil  emulsions, 
lime-sulfur,  and  nicotine.  Certain  vegetable-oil  soaps,  particularly  soy- 
bean-oil soap,  have  been  found  of  value  in  the  control  of  insects.  Soaps 
are  now  used  chiefly  in  the  preparation  of  emulsions  and  as  spreaders 
for  nicotine  sprays. 

Derris. — The  tropical  plants  of  the  family  Papilionaceae  (Deguelia 
spp.)  have  been  employed  for  many  years  as  fish  poisons.  They  are 
quite  extensively  used  in  England  as  insecticides.  The  roots  and  bark 
are  dried  and  powdered  and  used,  mixed  with  some  diluent,  as  a  dust, 
or  are  extracted  in  water  and  used  as  sprays.  They  act  both  as  stomach 
and  contact  poisons,  and  are  used  in  several  proprietary  insecticides. 
Derris  has  been  recommended  for  aphids,  for  lice  and  fleas  on  domestic 
animals,  and  as  a  wash  for  killing  ox  warbles  in  the  backs  of  cattle. 
Some  of  the  commercial  preparations  of  derris  have  about  the  same 
killing  power  on  aphids  as  nicotine  sulfate.  They  should  be  used  at 
the  strengths  recommended  by  the  manufacturers. 

Fumigants 

(See  Table  XII) 

Poisons  in  the  form  of  gases  used  to  kill  insects  are  called  fumigants. 
Their  application  is  generally  limited  to  plants  or  products  in  tight 
enclosures.  Fumigants  are  used  to  combat  both  piercing-sucking  and 
chewing  insects.  They  are  employed  largely  for  insects  that  infest 
houses,  mills,  stored  grain  and  seeds,  the  holds  of  ships,  greenhouses, 
growing  trees  where  spraying  is  not  practicable,  the  underground  trunks 
and  roots  of  growing  trees,  the  soil,  nursery  stock,  and  plant  and  animal 
products,  especially  those  imported  from  foreign  countries  or  from  areas 
where  some  serious  crop  pest,  not  generally  distributed,  is  known  to 
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exist.     Where  fumigants  arc  to  be  used  for  insects  Infesting  living  plant-, 

great  care  must  be  taken  that  the  gases  may  not  injure  the  plants.      Dry 
food  substances  are  not  damaged  by  the  common  fumigants,  but  th< 
containing  much  water  may  be  poisoned.     As  is  the  case  with  contact 

and  stomach  poisons,  very  few  gases  have  been  found  that  are  effective 
as  killers  of  insects,  that  are  not  also  toxic  to  the  plants. 

General  Directions  for  Fumigating. — Regardless  of  the  kind  of 
fumigant  to  be  used,  great  care  is  required  to  make  the  enclosure  to  be 
fumigated  as  nearly  airtight  as  possible.  In  dwellings,  greenhouses, 
mills,  and  storerooms,  all  cracks,  broken  glass,  chimney  holes,  ventilators 
and  other  openings  must  be  very  tightly  closed.  Strips  of  gummed 
paper  or  even  4-inch  strips  of  newspaper,  soaked  in  water,  will  be  found 
useful  to  paste  over  cracks;  pieces  of  wallboard,  cut  to  fit,  for  large 
openings;  and  rags  or  cotton  waste  for  small  holes.  More  failures  in 
fumigation  are  due  to  insufficient  preparation  of  the  building  than  to 
any  other  cause. 

Fumigations  of  living  plants  should  ordinarily  not  be  attempted 
unless  the  temperature  of  the  air  surrounding  them  is  between  40  and 
80°  F.,  and  for  greenhouse  plants  the  best  temperature  is  between  55 
and  68°  F.  Where  no  plants  are  involved,  the  temperature  should  be 
above  70°  F.  Fumigating  should  be  done  when  there  is  little  or  no 
wind.  When  living  plants  are  to  be  fumigated,  it  is  safest  to  do  the 
work  at  night,  since  sunlight  during,  or  within  an  hour  before  or  after, 
fumigating  causes  injury  to  the  plants. 

The  length  of  exposure  to  gas  where  no  living  plants  are  involved 
should  be  from  6  to  12  hours,  and  may  be  prolonged  without  injury. 
Where  plants  are  being  treated,  the  length  of  exposure  must  be  very 
carefully  correlated  with  the  dosage,  and  unless  otherwise  specified 
should  not  be  longer  than  1  hour. 

It  is  the  duty  of  anyone  undertaking  fumigating  to  familiarize 
himself  thoroughly  with  the  procedure  and  to  safeguard  from  injury 
persons  living  in  adjoining  rooms  or  apartments  and  to  prevent  anyone 
from  entering  the  enclosure  being  treated. 

Before  fumigating  any  building,  provision  should  be  made  for  venti- 
lating it  after  the  fumigation  is  over.  If  a  gas  mask,  correctly  charged 
for  the  particular  gas  being  used,  is  available,  it  is  exceedingly  useful 
in  setting  off  the  charge  and  for  entering  the  building  afterward  to  open 
doors  and  windows.  Otherwise  several  doors  or  windows  must  be 
arranged  so  they  can  be  opened  from  the  outside. 

The  dosage  for  fumigants  is  proportioned  to  the  number  of  cubic  feet 
in  the  enclosure.  Consequently  the  first  step  in  fumigating  is  to  deter- 
mine the  cubical  contents  of  the  enclosure.  If  separate  rooms  or  several 
floors  are  to  be  treated,  it  is  best  to  generate  the  exact  amount  of  gas 
needed  in  each  room,  and  separate  measurements  and  calculations  should 
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be  made  for  each.     The  following  directions  for  determining  the  cubical 

contents  of  :i  greenhouse  arc  taken  from  Weigel  and  Sasscer,  ('.  8.  Dept. 
Agr.  Farmers1  Bull.  L362,  L923. 

To  determine  the  cubical  contents  of  an  even-span  greenhouse  (Fig.  166  left),  com- 
pute the  Dumber  oi  Bquare  feel  in  the  rectangle,  '/,  and  in  the  right-angle  triangles,  b 

and  c,  and  multiply  the  sum  of  the  three  by  the  length  of  the  greenhouse. 

For  example:  a  -  5  X  20  =  LOO  Bquare  U>v\;  6  =  5X10^-2  =  25  Bquare  feet; 
c  =  5  X  10  +  2  =  25  square  feet;  a  +  b  -f-  c  =  160  Bquare  feet;  160  square  feet  X 
100  feet  (length  of  house)  =  15,000  cubic  feet,  the  cubical  contents  of  the  greenhouse. 
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Fig.  165. —  Diagrams  showing  how  to  compute  the  cubical  contents  of  a  greenhouse. 
At  tin'  left  an  even-span  greenhouse;  at  the  right  a  three-quarter-span  greenhouse.  {From 
C.  S.  D.  A.  Farmers'  Bull.  1362.) 

To  determine  the  cubical  contents  of  the  three-quarter-span  greenhouse  (Fig. 
165,  right),  multiply  the  sum  of  the  rectangles  a  and  d  and  the  right-angle  triangles 
b  and  c  by  the  length  of  the  house. 

For  example:  a  =  6  X  8  =  48  square  feet;  d  =  18  X  5  =  90  square  feet;  b  = 
6  X  4  t  2  =  12  square  feet;  c  =  18  X  7  -^  2  =  63  square  feet;  a+d+b+c  = 
213  square  feet;  213  square  feet  X  100  feet  (length  of  house)  =  21,300  cubic  feet,  the 
Cubical  contents  of  the  greenhouse. 

In  estimating  the  cubical  contents  of  a  greenhouse,  it  is  not  necessary  to  make 
allowances  for  the  space  occupied  by  the  elevated  benches  and  pots. 

To  determine  the  total  quantity  of  fumigant  to  be  used,  multiply  the  number  of 
thousand  cubic  feet  contained  in  the  greenhouse  [or  other  enclosure]  by  the  quantity 
of  fumigant  to  be  used  per  1,000  cubic  feet;  for  example,  if  %  ounce  cyanide  is  to  be 
employed  per  1,000  cubic  feet,  and  the  greenhouse  contains  15,000  cubic  feet,  the 
total  amount  of  cyanide  necessary  would  be  73^  ounces. 

Knowing  the  number  of  cubic  feet  in  the  enclosure,  the  amount  of 
materials  to  use  will  depend  further  (1)  on  the  dosage  which  experimenta- 
tion has  shown  to  be  necessary  to  kill  the  particular  insects  under  treat- 
ment and  (2)  where  living  -plants  are  involved,  upon  the  dosage  which 
experience  has  shown  can  be  used  without  burning  those  particular  kinds 
>f  plants. 

Hydrocyanic  Acid  (HCN). — Of  the  chemicals  employed  as  fumigants 

*or  insects,  hydrocyanic  acid  gas  is  by  far  the  most  extensively  used.     It 

s  colorless  and  very  slightly  lighter  than  air,  the  specific  gravity  of  the 

?as  being  0.9483.     It  diffuses  rapidly,  but  because  it  is  lighter  than  air, 

he  diffusion  is  mainly  upward.     The  gas  has  a  slightly  stinging  odor 
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somewhat  like  ( hat  of  sparks  from  metal,  described  by  BOme  B  resembling 
thai  of  peach  BtoneS.  It  is  readily  soluble  in  water.  It  will  tarnish  such 
metals  as  brass,  gold,  or  nickel,  but  the  tarnish  is  easily  removed  by 
rubbing  with  a  polishing  cloth  or  prevented  by  coating  them  with  vaseline 
It  has  no  effect  on  the  colors  of  most  fabrics  or  papers.  It  is  not  inflam- 
mable or  explosive.  Under  normal  atmospheric  pressure,  the  gas  does  not 
readily  penetrate  closely  packed  materials,  such  as  piles  of  grain,  sacks  of 
flour,  rolls  of  cloth,  or  bales  of  cotton.  This  lack  of  penetration  may  be 
overcome  by  using  the  gas  in  a  partial  vacuum. 

Hydrocyanic  acid  is  one  of  the  most  deadly  gases  known,  quickly 
killing  animals,  and  also  killing  plants  when  used  in  too  large  doses  or  for 
too  long  exposures.  Its  action  on  animals  is  twofold,  as  it  affects  both  the 
nerve  centers  and  the  respiratory  organs.  Extreme  care  is  necessary  in 
using  this  gas  to  prevent  injury  to  the  operator  or  others  who  may  be 
exposed  to  its  action. 

Four  methods  are  now  used  for  the  employment  of  this  gas: 

(1)  By  the  use  of  calcium  cyanide  (see  p.  257). 

(2)  By  the  so-called  liquid  method  where  the  hydrocyanic  acid  gas  is 
liquefied  under  pressure  and  stored  in  steel  containers,  from  which  it  can 
be  liberated  as  desired.  One  pound  of  liquid  hydrocyanic  acid  is  sufficient 
to  treat  3,000  cubic  feet  in  well-built  mills  or  dwellings.1 

(3)  By  the  pot  method,  where  the  gas  is  generated  in  earthenware 
jars  placed  within  the  enclosure  to  be  fumigated.  This  is  usually  done  by 
mixing  sulfuric  acid  and  water  in  the  container  and  then  adding  the 
desired  amount  of  sodium  or  potassium  cyanide. 

(4)  By  generating  the  gas  by  the  use  of  sulfuric  acid  on  sodium  or 
potassium  cyanide  in  solution,  in  a  special  chamber  or  machine,  and  intro- 
ducing the  gas  into  the  enclosure  to  be  fumigated  through  tubes  leading 
from  the  machine.2 

The  first  two  methods  are  the  most  recent  but  are  largely  replacing 
the  others  where  fumigating  with  this  gas  is  a  common  practice. 

The  riot  method  is  being  rapidly  supplanted  by  calcium  cyanide  dust 
but  a  brief  description  is  given  for  those  who  may  still  wish  to  use  it. 
A  number  of  3-  or  4-gallon,  glazed  earthenware  or  stone  crocks  or  paraf- 
fined wooden  containers  of  sufficient  capacity  so  the  contents  do  not  come 
within  4  inches  of  the  top,  must  be  provided  as  generators.  If  filled, 
some  of  the  contents  will  spatter  out,  through  the  action  of  the  chemicals. 
Not  more  than  5  pounds  of  cyanide  should  be  used  in  one  generator, 
and  there  must  be  at  least  one  for  each  room.  The  generators  should  be 
placed  at  intervals  over  the  enclosure,  depending  on  its  size,  and  the 
proper  amount  of  water  placed  in  them.     The  correct  amount  of  acid 

1  See  Calif.  Agr.  Exp.  Sta.  Bull.  308,  June  1919;  and  U.  S.  Dept.  Agr.  Farmers' 
Bull.  1321,  July,  1923. 

2  See  U.  S.  Dept.  Agr.  Farmers'  Bull.  1321,  1923. 
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should  then  be  carefully  poured  into  the  water.  Considerable  beat  is 
generated  by  the  reaction  of  the  acid  and  water,  and  unless  the  generators 
arc  of  good  grade,  they  may  break,  which  may  result  in  the  burning 
of  floors  or  injury  to  the  operator.  The  cyanide  should  then  be  care- 
fully weighed  into  paper  bags,  which  should  be  placed  beside  the  con- 
tainers. Having  everything  in  readiness,  the  operator  should  quickly 
drop  each  bag  into  its  generator,  Starting  with  those  farthest  from  the 
exit ,  and  at  once  leave  the  room.  If  more  than  one  floor  of  a  building  is 
to  be  treated,  the  fumigation  should  start  on  the  upper  floors. 

Following  fumigation  and  immediately  after  ventilating,  the  residue 
remaining  in  the  containers  should  be  removed,  and  buried  or  poured  into 
the  sewer.  The  cyanide  used  should  be  of  c.p.  grade.  Cyanide  con- 
taining more  than  a  trace  of  sodium  chloride,  or  sodium  nitrate,  is  not 
suitable  for  fumigation  purposes.  The  dosage  of  hydrocyanic  acid  gas 
required  for  different  insects  will  be  given  in  the  discussion  of  control 
measures  for  these  insects. 

For  fumigation  where  the  treatment  of  living  plants  is  not  involved, 
the  usual  proportions  are,  for  each  100  cubic  feet  of  space: 

Water 3      fluid  ounces 

Commercial  sulfuric  acid  (specific  gravity  1.83) l}4  fluid  ounces 

Sodium  cyanide1  (98  per  cent  pure) 1      ounce 

In  the  treatment  of  living  plants,  the  proportions  used  are  about  the 
same  but  the  dosage  is  greatly  reduced.  For  greenhouse  plants  the 
following  formula  is  generally  sufficient  for  1,000  cubic  feet.  This  dosage 
may  have  to  be  reduced  if  very  tender  plants  are  to  be  treated,  or  increased 
for  very  resistant  insects: 

Water }4  fluid  ounce 

Commercial  sulfuric  acid   (specific  gravity  1.83) 34  fluid  ounce 

Sodium  cyanide1  (98  per  cent  pure) %  ounce 

Calcium  Cyanide  (Ca(CN)2). — This  form  of  cyanide  has  been  on  the 
market  as  an  insecticide  for  only  a  few  years.  It  is  lower  in  cyanide  coh- 
tent  than  sodium  or  potassium  cyanide.  One  form  in  common  use  con- 
tains from  40  to  50  per  cent  calcium  cyanide  and  gives  off  its  gas  very 
slowly.  It  will  give  off  about  half  as  much  hydrocyanic  acid  gas  as  an 
equal  amount  by  weight  of  sodium  cyanide.  Another  form  of  dust 
contains  8S  per  cent  calcium  cyanide  and  will  yield  about  90  per  cent  as 
much  gas  as  an  equal  weight  of  sodium  cyanide.  In  this  form  of  dust  the 
gas  is  generated  very  rapidly  upon  exposure  to  the  air.  No  acid  is 
required  to  generate  the  gas  from  calcium  cyanide  dusts,  the  necessary  reaction 
taking  place  when  it  is  simply  exposed  to  the  atmosphere. 

Calcium  cyanide  has  been  used  for  killing  scale  insects  on  citrus  trees, 
by  blowing  the  calcium-cyanide  dust  into  tents  placed  over  the  trees.     For 

1  Potassium  cyanide  is  now  little  used  in  fumigation.      About  one-fourth  lett  hydrocyanic  acid  gas 
i.-  given  off  where  tins  form  of  cyanide  u  used 
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household  insects,  mill  insects,  and  greenhouse  insects  the  proper  amount 

of  the  dust  is  spread  out,  not  over  '  s  inch  thick,  on  newspapers,  or  en 
the  floor,  or  on  the  walks  in  the  greenhouse.  It  is  used  very  extensively 
for  the  control  of  rodents  by  placing  or  blowing  a  small  amount  of 
material  into  their  burrows.  This  material  has  also  been  used  in 
combating  chinch  bugs  to  kill  the  bugs  trapped  by  barriers. 

The  dosage  to  be  used  will  depend  upon  the  nature  of  the  materials 
to  be  treated,  the  tightness  of  the  building  or  other  enclosure,  and  the  kind 
of  cyanide  dust  used.  With  an  88  per  cent  calcium-cyanide  dust,  % 
pound  to  each  1,000  cubic  feet  of  space  is  recommended  for  dwellings, 
mills,  etc.,  and  }■£  ounce  per  1,000  cubic  feet  is  a  kind  of  minimum  dosage 
for  ordinary  greenhouse  fumigation.  With  a  48  per  cent  dust  the  dosage 
should  be  about  twice  the  above  recommendation. 

In  greenhouse  fumigating  it  is  recommended  that  the  above  dosage 
be  tried  in  an  experimental  way.  If  a  satisfactory  kill  is  not  secured,  the 
dosage  should  be  gradually  increased,  provided  no  burning  results.  If 
the  plants  are  injured,  the  dosage  must  be  reduced.  The  correct  dosage 
for  particular  plants  and  insects  can  be  determined  by  consultation  with 
the  state  or  station  entomologist. 

Carbon  Bisulfide  (CS2).1 — The  commercial  grade  of  carbon  bisulfide 
which  is  generally  employed  for  insecticide  work,  is  a  nearly  colorless, 
ill-smelling  liquid  that  changes  to  a  gas  very  rapidly  when  exposed  to  the 
air.  The  gas  is  2.63  times  as  heavy  as  air,  and  therefore  sinks  to  the 
bottom  of  any  container  in  which  it  is  used.  The  gas  does  not  discolor 
fabrics,  but  the  liquid  leaves  a  yellowish  residue.  It  is  highly  inflam- 
mable and  explosive  when  mixed  with  air,  and  for  this  reason,  must  be 
used  with  caution.  A  flame  of  any  kind,  a  lighted  cigar  or  even  the  spark 
from  hitting  metal  on  metal,  or  from  an  electric  switch  may  cause  an 
explosion  of  the  gas.  Because  of  the  fire  hazard,  this  chemical  cannot  be 
shipped  by  mail  or  express.  In  some  cases,  its  use  in  buildings  invalidates 
insurance  policies. 

The  gas  is  deadly  to  all  forms  of  insect  life,  if  used  at  sufficient 
strengths  and  at  temperatures  in  which  the  insects  are  active  (70°  F.  or 
above).  It  is,  on  the  whole,  the  best  fumigant  where  much  penetration 
is  required,  as  for  treating  bins  of  grain  or  seed,  or  piles  of  feed  that  can 
be  kept  in  a  tight  room  or  container.  It  is  much  used  for  treating  houses 
infested  with  insects,  for  insects  in  soil,  and  for  killing  animals  in  their 
burrows.  It  is  also  used  in  the  form  of  an  emulsion  for  soil-infesting 
insects  and  other  animals. 

Carbon  bisulfide  cannot  be  used  to  treat  growing  plants.  If  breathed 
by  man,  the  gas  causes  dizziness  and  nausea,  and  produces  somewhat  the 
effect  of  intoxication.     It  is  deadly  if  inhaled  in  large  amounts. 

1  Also  called  carbon  disulfide. 
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To  use  tliis  gas,  first  have  the  sides  and  hot  loins  of  the  bins,  rooms,  or 

containers  to  be  fumigated  as  nearly  airtighl  as  possible.     Where  there  is 

sure  to  be  some  Leakage,  the  amount  of  carbon  bisulfide  must  be  increased 

above  thai  given  below.  Never  attempt  to  fumigate  a  room  or  bin  with 
large  cracks  or  openings  in  the  bottom  or  sides.  The  best  results  will  be 
obtained  at  temperatures  from  75  to  90°  F.  Do  not  fumigate  when  the 
temperature  is  below  00"  V.  One  pound  of  carbon  bisulfide  to  each  100 
cubic  feet  of  space  is  usually  sufficient.  The  liquid  may  be  applied 
directly  to  grain  or  seeds,  but  this  may  injure  germination,  and  better 
results  will  be  obtained  by  pouring  the  carbon  bisulfide  on  gunny  sacks  or 
lags  or  cotton  waste  placed  in  the  container.  This  gives  a  rapid  evapora- 
tion which  is  more  effective  than  when  the  liquid  is  exposed  in  pans. 
While  not  necessary,  it  is  better  to  cover  the  tops  of  open  bins  with  a 
tarpaulin  or  blanket.  Keep  the  room  or  bin  closed  from  36  to  60  hours. 
Such  exposure  will  not  injure  the  milling  qualities  of  grain  or  the  germina- 
tion of  most  seeds  and  will  leave  no  poisonous  residues  on  feeds. 

Sulfur  Dioxide  (S02). — This  gas  is  used  to  some  extent  as  an  insecti- 
cide, but  is  not  generally  as  effective  as  those  already  discussed.  It  is 
usually  generated  by  burning  sulfur  that  is  dampened  with  alcohol,  or 
sulfur  candles  which  may  be  purchased  ready  prepared  for  burning.  The 
dosage  used  is  from  2  to  6  pounds  per  1,000  cubic  feet,  varying  with  the 
insect  and  material  to  be  treated.  Sulfur  dioxide  is  non-inflammable, 
but  corrodes  metals  and  discolors  some  fabrics.  It  is  slightly  heavier  than 
air,  having  a  specific  gravity  of  1.433.  This  gas  destroys  the  germinating 
power  of  most  grains  and  affects  the  baking  qualities  of  flour.  It  cannot 
be  used  on  living  plants.  It  has  a  very  strong  bleaching  effect,  which 
may  be  partly  overcome  by  having  the  space  to  be  treated  very  dry.  The 
gas  can  now  be  obtained  in  liquid  form,  shipped  in  steel  cylinders,  which 
is  the  most  convenient  to  use  where  any  large-scale  fumigating  operations 
are  to  be  undertaken. 

Nicotine  (CioHi4N2). — Nicotine  is  employed  extensively  for  green- 
house fumigation.  The  free  nicotine  is  the  form  generally  used.  The 
nicotine  is  volatilized  by  painting  it  on  hot  steam  pipes,  or  by  heating  in 
shallow  pans.  It  may  be  driven  off  from  tobacco  stems  by  burning  them. 
Another  method  is  to  use  commercial  nicotine  papers  which  contain  a 
known  amount  of  nicotine  and  liberate  the  nicotine  by  burning  the  paper. 
The  paper  should  be  damp  enough  to  smoulder;  if  it  burns  readily,  most 
of  the  nicotine  will  be  destroyed.  The  fumigation  is  best  done  under 
humid  conditions  and  at  temperatures  between  50  and  70°  F.  It  should 
never  be  done  during  bright  sunshine.  No  general  rule  for  the  use  of 
commercial  nicotine  preparations  can  be  given  other  than  to  follow  the 
directions  on  the  package. 

Paradichlorobenzene  (OrJW^). — This  chemical,  which  may  be  pur- 
chased in  the  form  of  white,  readily  volatile  crystals,  is  now  widely  used 
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as  a  soil  fumiganl  for  killing  the  larva*  of  the  peach-tree  borer  (aee  p.  .~)98). 
The  gas  has  a  specific  gravity  of  1.267,  and  sow  ill  readily  penetrate  the  air 

> paces  in  soils  or  the  crevices  in  the  underground  parts  of  trees.  It  ia 
employed  to  some  extent  in  household  fumigation,  but  imparts  an  odor  to 
grains  or  foods.  The  gas  is  non-inflammable,  and  does  not  bleach  or  dis- 
color metals  or  fabrics. 

Other  Fumigants. — Carbon  tetrachloride,  CC14,  is  a  heavy  gas  with  a 
specific  gravity  of  1.583,  that  is  used  to  some  extent  for  insect  fumigation. 
It  is  not  nearly  so  toxic  to  most  insects  as  carbon  bisulfide,  requiring  about 
four  times  as  much  to  be  effective.  Because  of  the  fact  that  it  is  non- 
inflammable,  it  can  be  employed  in  some  situations  where  the  fumes  may 
come  in  contact  with  sparks  or  fire.  Because  of  its  low  killing  power,  it 
is  not  of  much  value.  Ethylene  dichloride,  C2H4C12,  has  been  recom- 
mended,1 mixed  3  volumes  with  1  volume  of  carbon  tetrachloride,  to  form 
a  non-inflammable,  non-explosive,  penetrating  gas  without  bleaching  or 
tarnishing  properties,  and  not  dangerous  to  human  life.  It  should  be 
applied  like  carbon  bisulfide.  From  12  to  14  pounds  per  1,000  cubic 
feet  have  been  recommended  for  a  24-hour  exposure  against  insects  of  stored 
products.  Chloropicrin,  nitrobenzene,  and  mixtures  of  chlorine,  carbon 
tetrachloride,  ethyl  acetate,  and  other  gases  have  been  used  to  some 
extent  in  insect  fumigation.  The  use  of  these  materials  is  still  in  the 
experimental  state.  Formaldehyde  has  been  used  as  a  fumigant  for 
killing  disease  germs,  but  is  useless  for  killing  insects. 

Repellents 

Substances  which  are  only  mildly  poisonous,  or  which  may  not  be 
active  poisons,  but  which  prevent  damage  to  plants  or  animals  by  making 
the  food  or  living  conditions  of  the  insects  unattractive  or  offensive  to 
them,  are  called  repellents.  These  substances  are  rarely,  if  ever,  repel- 
lent to  all  kinds  of  insects.  Such  chemicals  can  sometimes  be  employed 
to  advantage  where  it  is  impossible  to  use  an  insecticide,  and  may  afford  a 
greater  or  less  degree  of  protection  to  manufactured  products,  growing 
plants,  or  the  bodies  of  animals. 

Bordeaux  Mixture. — While  primarily  a  fungicide,  Bordeaux  mixture  is 
quite  repellent  to  many  insects,  such  as  flea  beetles  and  leafhoppers,  when 
sprayed  over  the  leaves  of  plants.  By  the  addition  of  arsenate  of  lead, 
a  poisoned  Bordeaux  is  made  that  is  widely  used  as  a  preventive  of,  and 
a  remedy  for,  insects  and  plant  diseases  on  many  crops.  It  is  to  some 
extent  an  ovicide  and  contact  poison  for  leafhoppers. 

Bordeaux  mixture  is  made  at  different  strengths  for  different  purposes. 
The  strength  is  generally  indicated  by  numbers,  as  3-5-50  or  2-4-50, 
of  which  the  first  number  designates  the  number  of  pounds  of  copper 

1  See  Jour.  Econ.  Entomol,  Vol.  20,  pp.  636-639,  August,  1927. 
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sulfate  and  tin4  second  the  Dumber  of  pounds  of  lime  to  be  mixed  with  50 
gallons  of  water.     The  formula  for  the  widely  used  3—5-50  mixture  is  as 

follows  (any  other  Strength  desired  can  he  made  hy  varying  the  amounts 

of  lime  and  copper  sulfate:) 

Field  Formula    Garden  Formula 

Water  (cold) 50  gallons  3  gallons 

Hydrated  lime 5  pounds  5  ounces 

Pure  copper  sulfate  (bluestone) 3  pounds  3  ounces 

For  controlling  chewing  insects,  the  above  mixture  is  generally  poisoned 
by  adding: 

Arsenate  of  lead 1  to  2  pounds        1  to  2  ounces 

Where  it  can  be  secured,  unslaked,  stone  or  rock  lime  can  be  used 
instead  of  the  hydrated  lime;  3  pounds  to  50  gallons  of  water,  or  1  ounce 
to  1  gallon,  is  sufficient.  Air-slaked  lime  should  never  be  used.  Only 
wooden,  earthenware,  or  glass  containers  should  be  used  for  mixing  and 
storing  Bordeaux.  For  making  small  amounts,  it  is  best  to  suspend  the 
proper  amount  of  copper  sulfate  in  a  sack  near  the  top  of  a  tub,  barrel, 
or  spray  tank  containing  about  three-fourths  of  the  water  to  be  used,  the 
evening  before  spraying  is  to  be  done.  If  this  has  not  been  done,  the 
sulfate  can  be  dissolved  quickly  in  a  little  hot  water  and  then  diluted  with 
cold  water.  Quickly-dissolving  powdered  copper  sulfates  can  be  pur- 
chased from  most  dealers  for  use  instead  of  the  crystal  form.  Slake  the 
lime,  or  mix  the  hydrated  lime,  in  a  small  quantity  of  water,  dilute  it, 
and  then  pour  the  lime  water  into  the  copper  sulfate  solution  and  stir 
vigorously.  The  arsenate  of  lead  may  then  be  stirred  up  with  a  little  of 
the  Bordeaux  and  added  to  the  mixture,  together  with  enough  water  to 
make  the  full  amount.  For  small  gardens  it  is  more  convenient  to  buy 
one  of  the  commercial  Bordeaux  but  these  are  not  generally  as  effective 
as  the  freshly  mixed  material. 

If  much  spraying  is  to  be  done,  stock  mixtures  of  lime  water,  and  copper 
sulfate  solution,  should  be  prepared.  These  can  be  kept  indefinitely  in 
covered  jars  or,  if  not  tightly  covered,  by  adding  water  to  keep  up  to  the 
original  level.  These  stock  solutions  are  best  prepared  by  dissolving  1 
pound  of  copper  sulfate  to  each  gallon  of  water  and  by  mixing  or  slaking 
lime  and  then  diluting  it  so  that  each  gallon  contains  1%  pounds  of 
hydrated  lime  (or  1  pound  of  stone  lime).  Do  not  mix  the  two  solutions 
until  ready  to  spray.  Never  mix  them  without  first  diluting  one  or  both. 
When  ready  to  spray,  fill  the  spray  tank  about  three-fourths  full  of  cold 
water.  If  you  want  a  3-5-50  Bordeaux,  add  3  gallons  of  the  lime-water 
stock  mixture  (representing  5  pounds  of  lime)  to  each  50  gallons  that  the 
spray  tank  will  hold.  Start  the  agitator  of  the  pump  going,  or  stir  vigor- 
ously, and  pour  in  3  gallons  (representing  3  pounds)  of  the  copper-sulfate 
stock  solution  for  each  50  gallons  the  spray  tank  will  hold.     Continue 
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agitation  or  vigorous  stirring  for  Beveral  minutes.  If  the  Bordeaux  is 
to  be  poisoned,  add  the  arsenate  of  lead,  reduced  to  a  thin  paste,  and  more 
water  as  necessary  to  make  a  full  tank.  To  make  good  Bordeaux 
observe  the  following  precautions:  (a)  Do  not  allow  the  bluest  one  solu- 
tion or  the  Bordeaux  to  stand  in  contact  with  any  metal;  (b)  use  only 
pure  lime  and  bluestone;  (c)  have  one  of  the  chemicals  diluted  with  nearly 
all  of  the  water  before  the  other  is  added;  (//)  use  water  as  cold  as  possible; 
(e)  agitate  thoroughly  after  mixing;  and  (/)  use  within  a  few  hours  after 
mixing.  If  spraying  is  interrupted,  the  mixture  can  be  preserved  for  a 
day  or  two  by  adding  2  or  3  ounces  of  sugar  to  each  50  gallons  and 
stirring  thoroughly. 

Creosote  and  Coal  Tar. — These  complex  chemical  substances  and 
their  derivatives,  such  as  napht  halene  and  carbolic  acid,  are  very  repellent 
to  certain  insects,  particularly  to  the  chinch  bug,  adult  clothes  moths, 
and  certain  flies  and  beetles.  Thin  lines  of  creosote  poured  on  the  ground 
have  been  used  extensively  in  the  Middle  West  for  diverting  the  migrating 
hordes  of  chinch  bugs  when  they  leave  the  small-grain  fields  for  the  corn. 
These  substances  are  also  used  in  treating  wood  to  render  it  distasteful 
to  certain  boring  insects,  especially  termites. 

Strong  soap  solutions  mixed  with  creosote  or  carbolic  acid  are  repel- 
lent to  the  adults  of  certain  wood  borers.  Nearly  any  very  fine  dust, 
such  as  road  dust,  air-slaked  lime  or  soot,  acts  as  a  repellent  to  leaf- 
feeding  insects.  Certain  oils,  such  as  kerosene,  castor  oil,  fish  oil,  oil  of 
tar,  pine  oil,  rosin  oil,  oil  of  pennyroyal,  oil  of  citronella,  lemon  oil,  oil  of 
tansy,  and  several  others  are  used,  alone  or  in  combination  with  other 
chemicals,  to  protect  the  bodies  of  animals  or  seeds  from  insects.  Pow- 
dered alum,  camphor,  and  turpentine,  are  also  employed  for  this  purpose. 
Repellents  do  not  kill  insects  unless  used  in  combination  with  traps,  and 
have  to  be  renewed  frequently,  as  the  insect  attack  recurs. 


Physical  or  Mechanical  Control 

Aside  from  the  destruction  of  insects  that  may  be  accomplished  by 
ordinary  farm  practices  (see  below)  there  are  certain  special  physical  or 
mechanical  measures  that  are  of  value.  The  more  important  of  these  are 
outlined  on  pp.  229  and  230. 

The  destruction  of  insects  or  their  egg  masses  by  hand  is  sometimes 
the  most  practical  method  to  employ.  In  other  cases  it  is  possible  to 
prevent  the  invasion  of  a  crop  by  migrating  insects,  through  the  use  of 
physical  barriers.  The  crawling  hordes  of  chinch  bugs  and  army  worms 
may  often  be  stopped  by  constructing  deep,  dusty-sided  furrows  around 
the  fields  toward  which  they  are  traveling.  The  same  result  may  be 
achieved  by  using  barrier  lines  of  certain  heavy-bodied  oils,  poured  along 
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on  the  ground.    Screening  of  houses  has  conic  to  be  a  regulai  practice 

in  all  civilized  connl  rics  as  a  protecl  ion  from  flics  and  mosquitoes  and  t  he 
diseases  they  carry.  Sometimes  seed  beds,  fields,  or  vineyards  are  pro- 
tected by  covering  them  with  screens  of  thin  cloth.  Because  of  the 
expense  involved,  this  measure  can  be  resorted  to  only  in  cases  where  the 
crop  has  a  high  money  value.  Sticky  hands  around  tree  trunks  are 
often  employed  against  insects  that  infest  trees  by  climbing  up  the 
trunks;  they  are  of  no  value  for  insects  that  fly  into  the  trees  to  feed  or  to 
lay  eggs.  Fly  nets,  muzzles,  and  other  similar  devices  are  of  some 
value  in  protecting  animals  from  certain  insect  parasites. 

Cranberries  are  protected  from  some  of  their  insect  enemies  by 
flooding  the  bogs  at  the  proper  time,  and  some  other  crops,  in  areas  where 
irrigation  is  possible,  are  protected  in  the  same  way.  The  draining  of 
swamps,  marshes,  and  other  standing  water  is  the  most  effective  method 
of  destroying  mosquitoes  and  horseflies. 

Mechanical  devices,  such  as  hopperdozers,  hoppercatchers,  aphi- 
dozers,  fly  traps,  moth  traps,  maggot  traps,  light  traps  and  others  have 
been  used  successfully  for  catching  and  killing  a  variety  of  insects.  These 
will  be  discussed  further  under  the  insects  for  the  control  of  which  they 
have  been  found  most  useful. 

The  Use  of  Low  Temperatures. — Artificial  heating  or  cooling  of 
stored  products,  or  the  mills  or  factories  where  such  products  are  proc- 
essed, is  a  common  method  of  preventing  insect  damage.  Nearly  all 
insects  become  inactive  at  temperatures  between  60  and  40°  F.  Few 
insects  are  killed  at  these  temperatures  unless  exposed  to  them  for  a 
considerable  length  of  time.  Insects  in  hibernation  frequently  with- 
stand temperatures  of  —20  to  —30°  F.,  or  lower.  It  is  not  certain 
that  exposure  to  such  temperatures  will  kill  the  eggs  of  such  species  as  the 
grain  weevils.  But  practically  no  damage  from  insects  will  occur  at 
temperatures  below  40°  F.  Low  temperatures  are  not  as  effective  as  high 
temperatures  in  killing  insects,  but  storage  of  food  products  or  clothing  at 
points  below  or  near  freezing  will  prevent  all  insect  damage.  Changes 
from  low  to  high  temperatures  and  back  to  cold  are  more  effective  in 
killing  insects  than  constant  low  temperatures. 

Superheating. — Careful  experiments  by  a  number  of  entomologists 
have  shown  that  no  insect  can  long  survive  when  exposed  to  temperatures 
of  140  to  150°  F.  Most  insects,  including  those  which  attack  stored 
grains,  are  killed  by  3  hours'  exposure  to  temperatures  from  125  to  130°  F., 
and  this,  or  a  slightly  longer  exposure,  will  destroy  all  stages  of  these 
insects.  Many  mills  and  large  elevators  have  equipped  their  buildings 
with  enough  heating  pipes  to  enable  them  to  raise  the  temperature  to 
12.")  to  150°  F.  for  several  hours  during  periods  of  warm  weather,  and 
thus  kill  all  insects  in  the  buildings  at  a  much  less  expense  than  by 
fumigating. 
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There  are  a  number  of  heat-treating  machines  now  on  the  market 
which  raise  grain  to  a  high  temperature  while  it  is  being  passed  through 
them.  Such  machines  are  fairly  effective  in  cleaning  infested  grain  and 
other  seeds,  but  the  exposure  of  the  grain  to  high  temperature  must  be 
of  sufficient  duration  to  kill  all  stages  of  the  insects.  It  should  be  under- 
stood that  the  heat-treatment  of  grain  will  cause  a  certain  shrinkage  due 
to  loss  of  moisture. 

In  applying  heat  to  piles  of  clothing,  bins  of  grain,  or  bales  of 
goods,  it  must  be  borne  in  mind  that  it  requires  a  long  time  for  the 
heat  to  penetrate,  and  that  the  temperature  on  the  surface  will  h&ve 
reached  the  killing  point  long  before  the  insects  within  the  material 
have  been  affected. 

Cultural  Control  or  the  Use  of  Farm  Practices 

In  a  state  of  nature,  the  plants  growing  on  the  land  in  any  of  the  great 
agricultural  areas  of  the  world  are  quite  different  from  those  which  are 
grown  after  such  lands  have  been  placed  under  cultivation.  There  was 
in  most  of  these  areas  a  predominance  of  grasses,  but  with  a  mixture  of 
legumes,  and  plants  of  many  other  botanical  families.  Such  plants 
grew  from  year  to  year  with  little  change  in  the  proportion  of  one  over 
the  other.  The  insects  depending  on  these  wild  plants  were  always 
assured  of  a  food  supply  sufficient  to  maintain  them,  but,  with  the 
exception  of  a  few  general  feeders,  not  abundant  enough  to  permit  a 
great  increase  of  any  one  species. 

Under  farming  conditions  great  changes  take  place  in  the  character 
of  the  plants  grown  on  the  land.  There  are  no  longer  a  great  number  of 
species,  generally  intermixed,  but  a  few  species  occupying  the  land  in 
nearly  pure  stands  of  thousands  and  hundreds  of  thousands  of  acres. 
This  affects  the  insect  population  of  the  land  in  two  general  ways.  Many 
of  those  which  depend  on  the  plants  of  one  family,  or  even  on  one  species 
of  plant,  find  their  food  supply  cut  off,  except  in  the  small  uncultivated 
areas  and  may  nearly,  or  quite,  disappear  from  the  region,  as  certain 
species  of  billbugs  in  drained  bottom  lands.  Others  take  to  the  culti- 
vated crop  closely  related  to  their  wild  food  plant,  and  find  it  perhaps 
more  palatable.  Such  insects  may,  and  generally  do,  increase 
enormously  and  become  very  destructive,  as  have  the  chinch  bug  and  the 
cotton-boll  weevil. 

Among  insects  that  injure  cultivated  crops,  the  number  of  general 
feeders  is  quite  small.  Those  which  feed  on  the  plants  of  one  family,  or 
even  on  those  of  one  species,  are  numerous.  The  following  lists  of  the 
principal  insect  enemies  of  corn,  wheat,  and  clover  in  Illinois,  were 
recently  made  up  by  several  of  the  entomologists  working  in  that  state, 
and  include  only  those  insects  that  are  of  sufficient  importance  to  be 
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considered  as  doing  commercial  damage  to  these  crops.     Under  each 
crop,  the  pests  are  listed  in  the  order  of  their  destructiveness  to  this  crop 

in  Illinois. 


Table  XIII.-  A  Comparison  of  the  Most  Important  [nsects  Attacking  Three 

Major  Field  Crops  in   Illinois 


( '<>rrt  I  ns<  cts 
Northern  corn  root  worm 
1  White  grubs 
1  Wireworms 
1  Chinch  bug 
Corn  carworm 

1  Southern  corn  rootworm 
(  'orn  root  aphid 

2  Army  worm 

2  Grasshoppers 

Black  cutworm 

Seed-corn  maggot 

Common  stalk  borer 

Sod  webworm 

1  Billbugs 

Morning-glory  flea  beetles 

Corn-seed  beetles 

Carrot  beetle 

Corn  prionus 

Clover  rootwrorm 

Corn  leaf  aphid 

Imbricated  snout  beetle 

Pale-striped  flea  beetle 

Thief  ant 

Green  June  beetle 

Fall  army  worm 

-  Variegated  cutworm 


1  Species  of  importance  to  corn  and  wheat  only. 
-  Species  of  importance  on  clover,  wheat,  and  corn 


Wheat  Insect* 
Hessian  fly 
1  ( Shinch  bug 
Wheal  jointworm 
Wheat-stem  maggot 

1  Wireworms 

2  Grasshoppers 
2  Army  worm 
Wheat-head  midge 
Wheat-stem  sawfly 
Wheat  sawfly 

1  Billbugs 

Frit  fly 

Wheat-head  army  worm 

English  grain  louse 

Green  bug 

Sorghum  webworm 

1  White  grubs 

False  wireworms 

1  Southern  corn  rootworm 

2  Variegated  cutworm 


Red  Clover  Insects 

(  'lover-bud  weevil 
Clover-leaf  weevil 
2  Grasshoppers 
Clover-root  curculio 
Clover-seed  chalcid 
Pea  aphid 

2  Variegated  cutworm 
Clover-seed  caterpillar 
Clover-seed  midge 
Green  clover  worm 
Clover  leaf  tyer 
2  Army  worm 
Clover-root  borer 
Clover-stem  borer 
Leafhoppers 


Crop  Rotation. — In  the  above  list,  it  will  be  noted  that  8  of  the 
insects  which  are  listed  as  pests  of  corn,  are  also  listed  as  pests  of  wheat, 
but  that  only  3  of  the  50  insects  are  serious  pests  of  all  three  of  these 
crops.  Wheat  and  corn  are  grasses,  clover  is  a  legume;  and  it  will  be 
seen  from  a  study  of  these  lists  that  much  can  be  accomplished  in  pre- 
venting insects  from  becoming  seriously  abundant  in  our  fields,  if  a  good 
rotation  is  practiced  where  a  crop  of  one  plant  family  follows  that  of  a 
different  family.  It  is  not  possible  in  many  cases  in  grain-farming  areas 
to  put  such  a  rotation  into  effect  in  all  fields  each  year;  but  a  largo  pari 
of  the  increased  yields  obtained  from  a  rotation  where  grains  follow 
legumes,  and  legumes  grains,  is  due  to  the  reduction  in  insect  damage. 
Crops  of  the  same  kind,  such  as  corn,  oats,   and   wheat,   grown  on   the 
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Bam6  land,  year  after  year,  give  a  condition  favorable  to  the  Insectfl  thai 
attack  the  grass  crops;  and  the  same  is  true  of  a  number  of  years'  cropping 
of  ground  with  plants  of  any  one  family. 

Because  of  the  ease  with  which  most  insects  move  about,  many  of 
the  Bpeeies  which  feed  on  any  crop  will  be  found  in  the  fields  the  first 
year  they  are  planted  to  such  a  crop,  and  may  occur  in  numbers  sufficient 
to  cause  severe  damage.  For  this  reason,  rotation  of  crops  cannot  be 
depended  upon  for  combating  all  insects  attacking  field  crops.  Gener- 
ally, however,  infestations  in  such  fields  will  be  later  and  lighter  than  in 
fields  continued  in  the  same  crop,  and  crop  rotations  are  by  far  the 
best,  and  in  some  cases  almost  the  only,  means  we  have  of  controlling 
certain  insects.  The  application  of  rotations  to  the  control  of  different 
species  will  be  discussed  in  more  detail  under  the  insects  attacking  cer- 
tain crops. 

Cultural  Methods. — Much  can  be  accomplished  in  the  control  of 
some  crop  insects  by  cultivating  the  soil  at  a  certain  time  of  the  year  or 
in  some  special  manner.  The  best  method  to  employ  will  depend 
on  the  life  history  and  habits  of  the  species  to  be  controlled.  Deep, 
thorough,  and  frequent  cultivation  of  fields  infested  by  the  corn  root 
aphid  and  its  attendant  ant  is  the  best  method  of  freeing  the  soil  of  these 
insects.  Some  species  of  insects  that  go  through  a  part  of  their  develop- 
ment in  the  ground  can  be  easily  killed  if  the  soil  is  cultivated  while 
they  are  in  their  pupal  cells;  the  plum  curculio  is  an  example.  Others 
may  be  killed  in  the  same  way  in  the  hibernating  shelters  in  which  they 
pass  the  winter;  for  example,  the  oriental  fruit  moth.  Some  degree  of 
control  may  be  obtained  over  certain  insects  by  planting  infested  land 
to  row  crops  which  require  frequent  cultivation;  white  grubs  and  certain 
fleabeetles  are  examples. 

Infestation  may  sometimes  be  entirely  prevented,  if  the  ground  is 
kept  in  a  state  of  clean  cultivation  during  the  egg-laying  period  of  some 
of  the  crop-infesting  insects,  like  the  southern  corn  rootworm,  that  will 
not  deposit  their  eggs  on  the  bare  soil.  Certain  other  species,  as  the 
pale  western  cutworm,  prefer  the  bare  ground,  and  with  these,  cultivation 
should  be  avoided  until  after  the  eggs  have  been  laid.  With  some 
of  the  soil-infesting  insects  such  as  white  grubs,  plowing  at  a  certain 
time  in  the  year  will  destroy  large  numbers  of  the  larvae,  or  aid  in  their 
destruction,  by  exposing  them  to  birds  and  other  animals  that  feed 
upon  them;  while  plowing  at  other  times  will  be  of  no  value  in  reducing 
their  numbers. 

Destruction  of  Crop  Residues. — The  destruction  of  crop  residues  is 
often  of  great  importance  in  insect  control.  In  some  sections  of  North 
America  where  the  European  corn  borer  is  well  established,  it  has  become 
necessary  to  practice  rotations  and  cultural  methods  that  permit  the 
utilizing,  plowing  under,  or  destruction  by  burning  during  the  fall,  winter 
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or  early  spring,  of  nil  crop  residues  and  weeds  remaining  in  the  fields. 

In  many  of  I  lie  stnles  infested  by  I  he  European  corn  borer  such  a  elean-up 
of  all  corn  refuse  has  been  made  compulsory. 

In  order  to  control  insects  by  rotation  of  crops,  or  cultural  practices, 
it  is  necessary  that  one  understand  the  life  history  and  habits  of  the 
insect  with  which  one  is  dealing.  A  control  that  would  be  effective 
against  one  kind  of  insect,  might  be  useless  against  a  closely  related 
kind  because  of  a  difference  in  habits.  These  operations,  to  be  effective, 
must  also  be  used  at  the  proper  stage  of  the  development  of  the  insect. 
It  is  useless  to  try  to  destroy  white  grubs  by  late  fall  or  winter 
plowing,  after  they  have  gone  down  a  foot  or  more  below  the  surface 
of  the  soil,  or  to  kill  insects  by  burning  their  hibernating  places, 
before  they  have  entered  them  in  the  fall  or  after  they  have  left  them 
in  the  spring. 

Variations  in  the  Time  of  Planting  and  Harvesting. — The  time  of 
planting  a  crop  has  a  very  great  influence  on  the  infestation  of  the  crop 
by  some  insects.  Early-planted  corn  will  largely  escape  injury  by  the 
corn  earworm  in  most  sections  of  the  country.  On  the  other  hand, 
early-planted  corn  may  be  heavily  infested  by  the  southern  corn  root- 
worm  or  the  European  corn  borer.  In  places  where  both  kinds  of  these 
insects  are  present,  the  best  time  of  planting  corn  will  depend  to  a  con- 
siderable extent  on  which  of  these  insects  is  the  more  destructive. 

There  is  no  better  example  of  the  importance  of  farm  practices  on 
insect  control  than  the  effect  on  the  infestation  by  the  Hessian  fly  of 
early  and  late  seeding  of  wheat.  During  most  seasons  early-sown  wheat 
will  be  moderately  to  heavily  infested,  and  medium-late-sown  wheat 
will  not  be  seriously  infested.  Indeed,  there  are  many  years  when  a 
difference  of  a  few  days  in  the  time  of  seeding  will  make  the  difference 
between  a  good  crop  and  a  very  poor  one,  all  because  of  the  difference 
in  the  amount  of  infestation  by  the  Hessian  fly  (see  p.  359). 

The  following  table  shows  the  average  yields  of  wheat  and  the  average4 
infestation  by  Hessian  fly  obtained  in  an  8-year  experiment  from  fields 
at  eight  different  points  in  Illinois.  The  first  column  shows  the  average 
yield  obtained  from  all  seedings  made  before  the  normal,  safe-seeding 
date;  the  second  column  the  average  yield  from  approximately  the 
same  number  of  seedings  made  after  the  normal  safe-seeding  date.  The 
third  and  fourth  columns  show  the  average  percentage  of  plants  which 
were  infested  by  Hessian  fly,  when  examined  on  Nov.  10  each  year; 
the  third  column  giving  the  infestation  in  all  seedings  made  before  the 
safe-seeding  date  for  the  particular  locality,  and  the  fourth  column  the 
infestation  in  all  seedings  made  after  the  safe-seeding  date.  In  each 
locality  each  year  there  wrere  from  three  to  five  seedings  at  intervals  of 
about  5  days  before  the  normal  safe-seeding  date,  and  a  corresponding 
number  at  similar  intervals  after  that  date. 
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Table  XIV. — Average  Yields  of  Wheat  and  Percentage  oi  Infestation  bi  the 

Hessian    Fly 


Average  yield 

Average  per  cent  of  infestation 

From  wheat 

From  wheat 

In  wheat 

In  wheat 

Location  of  field 

sown  before 

sown  after 

sown  before 

sown  after 

the  safe- 

the  safe- 

the  safe- 

t  he  safe- 

seeding  date. 

seeding  date, 

seeding  date, 

seeding  date, 

bushels 

bushels 

per  cent 

per  cent 

Rockford,  111 

21.8 

28.1 

24.5 

1.7 

Bureau,  111 

27.4 

32.9 

45.5 

5.2 

La  Harpe,  111  ...  . 

30.8 

36.5 

38.0 

1.8 

Urbana,  111 

29.5 

37.1 

32.6 

5.4 

Virden,  111 

23.6 

28.4 

48.0 

6.3 

Centralia,  111 

14.5 

21.9 

81.0 

8.0 

Carbondale,  111  . . . 

21.5 

23.9 

16.0 

1.0 

Grand  Chain,  111  . 

15.5 

21.4 

32.3 

1.0 

Average 

23.1 

28.8 

39.7 

3.8 

The  Use  of  Resistant  Varieties. — Some  strains  or  varieties  of  culti- 
vated plants  are  more  or  less  resistant  to  certain  of  the  insects  that 
attack  them.  It  is  only  by  taking  advantage  of  this  resistance  of  the 
American  grape  roots  to  the  grape  phylloxera,  which  is  native  to  North 
America,  that  we  are  able  to  grow  European  grapes  in  this  country  or 
in  most  of  the  large  vineyard  areas  of  Europe.  By  grafting  these 
varieties  on  to  American  rootstocks,  the  injury  is  avoided.  There  is 
some  very  good  evidence  to  show  that  a  marked  difference  exists  in  the 
resistance  of  different  varieties  of  grain  to  attacks  by  insects.  Some 
varieties  of  corn  and  sorghums  have  been  found  to  resist  the  attacks  of 
chinch  bugs.  Extensive  research  along  this  line  suggests  the  possibility 
that  resistant  varieties  of  corn  may  help  to  solve  the  problem  of  Euro- 
pean-corn-borer control.  On  the  whole,  very  little  work  has  been  done 
to  develop  varieties  or  strains  of  plants  that  are  resistant  to  insects. 
This  field  offers  possibilities  that  warrant  more  careful  investigation. 


Biological  Control:  The   Introduction  and   Encouragement    of 

Natural  Enemies 

The  fact  that  man  has,  during  the  last  few  centuries,  learned 
something  about  the  habits,  ecology  and  interrelations  of  insects,  now 
enables  him  to  take  sides  in  the  constant  warfare  that  insects  are 
carrying  on  against  each  other.  The  facts  at  hand  concerning  the 
insect  population  of  a  given  area  of  the  earth  show  that  more  than 
two-thirds  of  the  species  present  are  feeders  on  plants,  or  plant  products, 
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or  in  other  words,  are  competing  with  man  for  the  products  of  the  soil. 
Prom  one-fourth  to  one-third  of  the  insects  present  in  any  given  area 

feed  on  other  insects,  and  many  of  these  are  of  great  benefit  to  man  in 
reducing  the  plant-feeding  species.  Others  feed  on  those  that  attack 
the  plant  feeders,  and  so  become  the  enemies  of  man.  This  complicated 
relationship  of  man  and  insects  has  already  been  discussed  in  Chapter  II. 

Parasitic  and  Predaceous  Insects. — It  has  been  found  possible  in 
many  cases  greatly  to  reduce  the  numbers  of  plant-destroying  insects  by 
introducing  their  insect  enemies.  One  of  the  best-known  examples  is 
the  reduction  of  the  numbers  of  the  gypsy  moth  in  the  New  England 
states  by  the  introduction  of  its  insect  parasites  and  predators  from 
Europe  and  Asia.  The  reduction  of  the  cottony  cushion  scale  on  the 
citrus  trees  in  California  by  the  introduction  of  the  Australian  lady 
beetle  is  the  example  most  often  quoted  (see  p.  57).  Many  other 
examples  could  be  given.  The  results  accomplished  by  this  method  of 
insect  control  have  been  so  great  that  it  has  now  come  to  be  looked 
upon  as  one  of  the  most  effective  means  of  reducing  insect  damage. 
This  is  especially  true  in  cases  where  the  damage  is  being  caused  by  an 
introduced  species  of  insect,  whose  natural  enemies  have  not  been 
brought  with  it  to  that  part  of  the  earth  where  it  has  become  established. 

There  are  certain  points  which  should  be  kept  in  mind  in  regard  to 
this  type  of  insect  control.  There  is  no  hope  of  exterminating  insects 
by  this  method,  and  it  is  seldom  possible  so  to  reduce  them  that  no 
other  control  measures  need  be  used.  When  any  parasite  becomes  so 
abundant  that  it  nearly  wipes  out  a  plant-feeding  species,  it  too  must 
suffer  a  marked  decline  in  numbers  because  of  the  reduction  of  its  food 
supply.  A  scarcity  of  parasites  permits  the  plant  feeder  again  to  increase 
until  the  parasite  once  more  overtakes  it.  Thus  where  we  have  a  single 
active  parasite  of  an  insect  species,  we  will  have  more  or  less  regular 
periods  of  abundance  and  scarcity  of  the  parasite  and  its  host.  During 
the  periods  of  its  abundance,  it  will  be  necessary  to  depend  on  artificial 
measures  for  controlling  the  plant-feeding  insect. 

The  aim  in  the  employment  of  parasitic  insects  is,  where  possible,  to 
find  parasites  for  all  stages  of  the  plant-feeding  species  and  have  their 
attack  so  distributed  that  the  host  is  never  free  from  them  in  any  life 
stage,  and  so  cannot  become  destructively  abundant.  In  the  case  of  most 
plant-feeding  species,  it  has  not  been  possible  to  find  such  a  combination 
of  parasites.  There  are  many  plant-feeding  insects  which  are  never 
reduced  by  parasites  below  the  point  where  they  are  capable  of  causing 
commercial  damage  to  the  crops  on  which  they  feed.  The  codling  moth, 
San  Jose  scale,  and  white  grubs  may  be  taken  as  examples.  In  intro- 
ducing a  parasite  into  a  locality  where  it  has  not  been  previously  known  to 
occur,  great  care  must  be  taken.  First,  it  must  be  ascertained  without 
question  that  the  insect  to  be  introduced  is  a  parasite  on  the  particular 
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insect  it  is  desired  to  control,  or  on  other  plant-feeding  species;  second, 

that  it  is  never  by  any  chance  a  plant  feeder;  and,  third,  that  it  will  not 
attack  some  of  the  other  primary  parasites  already  present  in  the  locality 
and  so  do  more  harm  than  good.  These,  and  many  other  points,  must  be 
carefully  investigated  before  the  introduction  of  the  parasite  is  at  tempted 

The  establishment  of  the  parasite  is  often  attended  with  great  diffi- 
culty, especially  if  it  has  to  be  brought  from  a  distant  part  of  the  world, 
or  from  the  southern  to  the  northern  hemisphere.  A  very  high  degree  of 
skill  in  the  handling  of  parasites  has  been  developed  by  some  entomolo- 
gists in  the  Laboratories  where  this  work  is  under  way. 

A  summary  of  the  results  obtained  from  the  introduction  of  parasitic 
insects  would  show  that  this  work  has  reduced  insect  damage  in  many 
cases,  and  while  we  cannot  depend  on  parasites  to  control  completely 
most  of  our  destructive  insects,  the  introduction  of  parasites  has  been 
one  of  the  significant  contributions  of  entomology  to  the  advancement 
of  agriculture. 

The  Use  of  Insect  Diseases. — Insects,  like  other  animals,  suffer  from 
the  attacks  of  disease.  At  times,  under  favorable  conditions,  a  disease 
may  become  epidemic  on  a  species  of  insect,  and  within  a  few  days  or 
weeks  reduce  the  species  from  a  point  of  great  abundance  to  one  of 
scarcity.  The  spread  of  an  insect  disease  is  so  dependent  on  weather 
conditions,  and  other  factors  not  controllable  by  man,  that  little  progress 
has  been  made  in  the  artificial  spread  of  diseases  for  controlling  insects. 
The  facts  now  known,  however,  warrant  further  experimental  work 
along  this  line. 

Legislation  for  Insect  Control 

In  the  early  days  of  agricultural  development  in  this  and  other  coun- 
tries, plants  and  plant  products  were  brought  into,  or  sent  out  of,  the 
country  with  little  or  no  thought  concerning  the  insect  pests  that  might 
be  transported  along  with  them.  In  fact,  it  is  only  within  the  last  half- 
century  that  any  serious  attempt  at  legislation  to  restrict  the  spread  of 
insect  pests  has  been  attempted  by  any  country.  The  introduction  of 
the  grape  phylloxera  from  America  to  the  vineyards  of  France,  some 
time  about  1860,  caused  such  serious  destruction  in  the  French  vineyards 
and  in  those  in  other  European  countries  to  which  it  was  carried,  that  it 
became  apparent  something  must  be  done  to  prevent  the  unrestricted 
movement  of  infested  vines  to  all  parts  of  the  world.  In  1881,  represen- 
tatives of  many  of  the  European  countries  in  which  grapes  were  exten- 
sively grown  met  and  agreed  on  regulations  restricting  the  movement  of 
infested  grape  stalks.  The  spread  of  certain  plant  pests  in  the  United 
States  started  the  passage  of  insect  legislation  in  this  country  about  the 
same  time.  But  it  was  not  until  1912  that  the  United  States  had  any 
adequate  federal  law  to  control  the  menace  of  foreign  plant  pests. 
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At  present,  there  arc  four  classes  <>f  insect  legislation:  (1)  legislation 
bo  prevent   the  introduction  of  new  pests  from  foreign  countries;  (2j 

legislat  ion  to  prevent  the  spread  of  established  pests  within  the  country, 
or  within  the  state;  (.'$)  legislation  to  enforce  the  application  of  control 
measures  thai  have  been  found  effective  in  preventing  damage  by  est  ah- 
lislied pests;  and  (4)  legislation  to  prevent  the  adulteration  ;ind  misbrand- 
ing of  insecticides. 

Quarantine  and  Inspection  Laws. — The  Federal  Horticultural  Board, 
composed  of  representatives  of  the  federal  Bureaus  of  Plant  Industry 
and  Entomology  and  the  Forest  Service,  was  created  by  the  Plant 
Quarantine  Act  of  1912  and  has  charge  of  federal  regulatory  measures 
dealing  with  insects  and  plant  diseases.  Such  measures  prohibit  the 
movement  of  plants  from  foreign  countries  to  the  United  States  without 
a  permit,  and  regulate  the  exportation  of  plants  from  this  country  to 
foreign  countries,  and  the  movement  interstate  of  plants  and  plant 
products.  Every  state  in  the  union  now  has  in  force  regulatory  meas- 
ures forbidding  the  movements  of  certain  plants  into,  or  within  the  state, 
at  least  until  such  plants  have  been  inspected;  and  in  many  cases  requir- 
ing reinspection  at  the  point  of  destination.  It  is  illegal  to  ship  nursery 
stock  anywhere  in  the  United  States  unless  it  is  accompanied  by  a  certifi- 
cate of  inspection,  stating  that  it  has  been  found  apparently  free  from 
certain  seriously  destructive  insect  pests  and  plant  diseases.  The  require- 
ments as  to  freedom  from  given  pests  vary  with  the  different  states. 
At  the  present  time,  there  is  a  concerted  effort  on  foot  to  secure  uniform- 
ity of  the  regulations  for  the  movement  of  plant  products  throughout 
the  country.  It  will,  of  course,  never  be  possible  to  make  out  an  abso- 
lutely uniform  list  of  insects  which  will,  or  will  not,  be  permitted  to  leave 
or  enter  different  states,  as  a  pest  which  is  of  great  importance  in  the 
Southern  states  might  not  be  able  to  exist  in  the  states  farther  to  the 
North,  and  vice  versa. 

Fully  half  of  the  insect  losses  suffered  in  the  United  States  are  caused 
by  imported  insects.  It  is  impossible  to  give  a  list  of  these  insects  here, 
but  a  few  of  them  may  be  cited  as  typical  examples.  These  foreign  pests 
include  such  notoriously  destructive  species  as  the  gypsy  moth,  San  Jose 
scale,  cotton-boll  weevil,  codling  moth,  Hessian  fly,  alfalfa  weevil,  Euro- 
pean corn  borer,  Japanese  beetle,  brown-tail  moth,  and  at  least  a  hundred 
others. 

As  previously  stated,  nearly  all  states  have  at  present  in  force,  regula- 
tions  preventing  the  unrestricted  movement  of  plant  products,  to  guard, 
in  so  far  as  possible,  against  the  importation  and  establishment  of  new 
pests.  It  has  also  been  found  necessary  to  establish  regulatory  measures 
preventing  the  general  dissemination,  through  the  sale  of  nursery  stock, 
of  pests  known  to  exist  within  a  state.  While  the  San  Jose  scale  is  now 
established  in  practically  all  the  orchard-growing  districts  in  the  country, 
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nearly  every  state  still  lias  in  force,  regulations  preventing  the  sale  <>i 
nursery  stock  known  to  be  infested  by  this  insect.     Such  Legislation  is  no 

longer  intended  primarily  to  prevent  the  spread  of  the  pest,  bul  is  chiefly 
to  protect  uninformed  purchasers  from  buying  trees  seriously  infested 
with  this  insect. 

Whenever  it  seems  necessary,  in  order  to  prevent  the  introduction  or 
spread  of  any  dangerous  insect  or  plant  disease,  the  federal  government 
has  the  power,  after  a  public  hearing,  to  prohibit  the  importation  or 
shipment,  interstate,  of  any  class  of  plants  or  plant  products  from  any 
foreign  country  or  locality  and  from  any  state  or  portion  of  a  state  or 
territory  in  this  country.  Such  specific  prohibitions  are  called  quaran- 
tines.    Many  of  the  states,  also,  have  quarantine  laws. 

In  general,  it  may  be  said  of  quarantine  measures  that  the  enforce- 
ment of  such  measures'  will  check  the  spread  of  certain  insects,  but 
cannot  be  depended  upon  to  stop  such  spread.  A  considerable  expense 
is  justified  if  the  quarantine  checks  the  spread  of  a  new  pest  long  enough 
to  permit  the  development  of  control  measures,  the  introduction  of 
parasites,  or  changes  in  agricultural  practices  best  suited  to  prevent  loss 
by  the  newly  established  pest.  It  should  be  borne  in  mind,  however,  that 
regulatory  measures  are  always  expensive  measures,  and  that  it  is  impos- 
sible to  keep  a  strong-flying  insect  out  of  adjacent  territory  from  that  at 
present  occupied  by  it,  merely  by  passing  laws.  It  is  certainly  desirable 
that  all  reasonable  restrictions  be  placed  on  the  importation  of  new 
insect  pests  from  foreign  countries  and  that  every  precaution  possible  be 
taken  to  inspect  plants  and  plant  products  entering  this  country,  to  see 
that  they  are  free  from  foreign  insects. 

The  history  of  an  insect  in  its  native  country  cannot  always  be  relied 
on  as  a  criterion  of  what  the  insect  will  do  when  established  in  some 
locality  in  another  part  of  the  world,  where  it  is  not  held  in  check  by  the 
natural  enemies  found  in  its  native  home;  and,  for  this  reason,  it  is  best 
from  a  legal  standpoint  to  consider  that  all  foreign  plant-feeding  insects 
and  zoophagous  parasites  are  dangerous,  until  they  have  been  proved 
otherwise.  At  the  present  time,  practically  all  civilized  nations  have 
in  effect  regulatory  measures  restricting  the  movement  of  plant  products 
from  other  countries,  and  it  is  probable  that  these  measures  will  become 
more  strict  in  the  future,  rather  than  more  lenient  . 

Compulsory  Clean-up  Measures. — While  the  regulations  governing 
the  control  of  pests  in  nurseries  are,  in  most  states,  broad  enough  to  allow 
for  the  enforcement  of  clean-up  measures  against  orchard  or  field-crop 
insects,  as  well,  it  is  only  in  comparatively  a  few  states  that  such  measures 
are  generally  enforced.  Indeed,  it  usually  requires  serious  loss  of  prop- 
erty or  personal  injury  before  the  public  will  whole-heartedly  back  up 
such  measures.  Some  of  the  eastern  states,  notably  Massachusetts, 
have  rigidly  enforced  the  control  of  such  pests  as  the  gypsy  and  brown- 
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tail  mollis.  If  premises  are  infested  in  that  state,  the  property  owner  is 
given  legal  notice  that  he  must,  before  a  given  date,  take  measures  to 

control  certain  insect  pests.  If  such  measures  have  not  been  taken  before 
this  date,  the  work  is  done  by  a  force  of  men  employed  by  the  city  or 
town  in  which  the  property  is  located.  The  cost  of  this  work  is  assessed 
against  the  property  in  the  form  of  a  tax,  and,  if  unpaid,  constitutes  a 
lien  against  the  property  as  much  as  any  other  unpaid  tax,  and  is  collected 
in  the  same  way.  This  measure  has  had  a  thorough  test  in  the  courts, 
and  has  now  been  in  force  for  a  number  of  years. 

Insecticide  Laws. — Aside  from  the  legislation  having  to  do  directly 
with  combating  insect  pests,  or  controlling  their  spread,  many  of  the 
states  have  laws  standardizing  the  grades  of  insecticides  which  are  sold 
within  the  state.  The  federal  Department  of  Agriculture,  through  the 
Insecticide  and  Fungicide  Board,  has  in  force  a  number  of  regulations 
governing  the  labeling,  strength,  and  chemical  composition  of  sub- 
stances being  imported  or  transported,  interstate,  as  insecticides.  For 
example,  a  substance  offered  for  sale  as  an  insecticide  must  bear  a  label 
stating  the  amount  of  arsenic  it  contains  and  what  percentage  of  the 
arsenic  is  water-soluble ;  and  either  the  name  and  percentage  of  each  active 
ingredient  and  the  total  percentage  of  inert  substances,  or  the  name  and 
percentage  of  each  inert  substance.  It  is  also  illegal  to  make  claims  for 
the  efficacy  of  a  material  that  cannot  be  substantiated  or  to  sell  a  sub- 
stance as  a  spray  or  dust  if  it  contains  anything  injurious  to  plants. 

B.  NATURAL  CONTROL 

Natural  control  includes  control  (a)  by  climatic  factors  such  as  rain- 
fall, sunshine,  cold,  heat,  and  wind  movement;  (6)  by  the  physical  charac- 
ter of  the  country,  such  as  large  bodies  of  water,  mountain  ranges, 
streams,  the  character  of  the  stream  flow,  and  the  type  of  soil;  (c)  by  the 
natural  presence  and  abundance  of  predaceous  and  parasitic  insects, 
birds,  fishes,  reptiles,  and  mammals  and  by  cannibalism;  and  (d)  by  the 
presence  of  diseases  which  attack  insects,  and  conditions  favorable  to 
the  spread  of  such  diseases. 

Control  by  Climatic  Factors 

Under  natural  control,  climatic  factors  are  perhaps  the  most  impor- 
int.  A  few  species  of  insects  have  become  adapted  to  variations  in 
climate  to  such  an  extent  that  they  occur  throughout  the  world,  in 
jmperate,  and,  in  some  cases,  in  temperate  and  tropical  zones.  Few,  if 
ly,  species  of  insects  occur  in  the  arctic,  temperate,  and  tropical  zones, 
ccept  such  species  as  infest  stored  products,  the  dwellings  of  man,  or 
ie  bodies  of  animals,  and  are  therefore  not  subjected  to  a  very  marked 
legree  to  the  climatic  changes  of  any  region. 
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Afi  it  general  statement ,  il  may  be  said  I  hat  I  he  insect  life  of  a  region  is 

dependent,  directly  or  indirectly,  on  the  temperature  of  the  region,  the 

soil,  and  the  amount  of  moisture.  There  arc  many  species  of  insect- 
which  have  become  adapted  to  certain  climatic  conditions  and  thrive 
under  these  conditions  even  though  they  may  seem  at  first  to  be  unfavor- 
able. Great  numbers  of  mosquitoes  and  certain  species  of  flies  occur  in 
the  arctic  regions  during  the  brief  summers.  At  the  height  of  warm 
weather,  the  total  number  of  insects  in  such  regions  is  very  large,  but 
never,  on  the  whole,  as  large  as  the  numbers  found  in  the  tropics.  Winter 
temperatures  control  the  distribution  of  many  insects;  the  harlequin 
cabbage  bug,  which  cannot  survive  our  northern  winters,  is  an  example. 

A  very  warm,  moderately  humid,  climate  and  fertile  soil  offer  con- 
ditions favorable  for  the  greatest  development  of  insect  life.  A  poor 
soil  can  support  only  a  limited  amount  of  plant  growth,  and  therefore  a 
limited  insect  population.  A  warm,  wet  climate  is  unfavorable  to  many 
insects.  Such  a  climate  creates  a  condition  where  insect  diseases  will 
flourish  and  also  presents  many  physical  factors  unfavorable  to  insect  life. 
A  hot  and  very  dry  climate  also  is  unfavorable,  only  a  comparatively  few 
species  of  insects  having  become  adapted  to  live  under  desert  conditions. 

The  amount  of  sunshine  occurring  in  a  given  region  also  is  important. 
Many  species  of  insects  are  influenced  to  a  marked  degree  by  the  rays  of 
the  sun.  Some  apparently  seldom  fly  except  during  periods  when  the 
sun  is  shining;  and,  as  flight  is  the  chief  means  of  dissemination  of  most 
species  over  any  area,  this  is  an  important  factor  influencing  the  general 
abundance  of  insects;  the  chinch  bug  is  one  of  the  best  examples. 

Wind  movement  is  also  of  great  importance.  Many  of  the  smaller 
and  frailer  species  of  insects  which  normally  fly  for  considerable  distances 
are  unable  to  leave  the  ground  during  strong  winds,  or  if  they  do  take 
flight,  are  so  buffeted  and  beaten  by  the  wind  that  they  soon  die;  the 
Hessian  fly  is  thus  affected.  Some  species  of  insects,  as  certain  mosqui- 
toes, habitually  fly  against  the  wind  while  many  others  fly  with  the 
wind;  their  dispersal,  or  the  direction  of  their  dispersal,  is  to  an  even 
greater  extent  dependent  upon  wind  movement  at  the  time  of  year  when 
they  are  in  their  winged  or  adult  stage. 

The  brown-tail  moth  has  spread  very  slowly  in  a  westerly  direction 
from  the  original  point  of  establishment,  but  its  spread  to  the  east  and 
north  has  been  rapid,  due  chiefly  to  southwesterly  winds  during  the  time 
when  the  adults  are  flying. 

Control  by  Topographic  Factors 

Large  bodies  of  water,  such  as  oceans,  offer  effective  barriers  to  the 
natural  spread  of  nearly  all  species  of  insects.  Certain  species  that  do 
not  possess  the  power  of  flight  are  affected  in  their  spread  by  smaller 
bodies  of  water,  such  as  lakes  or  large  streams,  and  are  largely  dependent 
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upon  man  or  ol  her  animals  for  i  Ik*  passage  of  such  barriers.  The  granary 
weevil  is  unable  to  fly,  but  lias  been  carried  by  man  over  much  of  the 
earl h.  Mountain  ranges  also  are  effect  ive  barriers  to  t  he  spread  of  insects 
and  offer  varying  conditions  of  climate  through  which  many  insects 
cannot  pass  unaided.  The  Colorado  potato  beetle  began  spreading  from 
Colorado  to  the  Kast  about  1859,  and  reached  the  Atlantic  Coast  in  l~> 
years,  while  it  was  more  than  50  years  in  crossing  the  Rocky  Mountains. 
The  character  of  the  streams  and  the  number  of  ponds  and  lakes  control 
to  a  great  extent  the  insect  life  of  a  country.  Certain  flies,  mosquitoes, 
and  beetles  live  in  their  immature  stages  in  slowly  moving  streams  or 
still  water,  while  others,  such  as  black  flies  and  certain  caddice-flies,  live 
only  in  swift-flowing  streams. 

The  character  of  the  soil  of  any  region  exerts  a  marked  influence  over 
the  insect  inhabitants  of  that  region.  This  is  true  not  only  because  the 
soil  has  a  direct  influence  on  the  plant  growth  of  the  region  and  thus 
indirectly  affects  the  insects  that  live  on  plants,  but  also  because  many 
insects  spend  the  whole  or  a  part  of  their  life  in  the  soil.  Certain  soils 
are  very  favorable  to  their  growth,  while  they  would  be  unable  to  live  in 
different  soils,  or  in  the  same  type  of  soil  under  different  conditions. 
Certain  species  of  wireworms  live  only  in  poorly  drained  soils,  and 
certain  species  of  tiger  beetle  larvse,  which  live  in  sandy  soils,  are  unable 
to  exist  in  clay  soils. 

Control  by  Natural  Enemies 

Predaceous  and  Parasitic  Insects. — Of  the  natural  factors  that  tend 

to  reduce  the  plant-feeding  insects,  the  number  of  the  insects  feeding 

n  other  insects  in  a  locality  is  sometimes  as  important  as  the  climatic 

actors.     It  has  been  demonstrated  many  times  that  a  plant-feeding 

nsect  removed  to  a  part  of  the  world  where  its  insect  enemies  are  not 

resent,  and  with  suitable  food  plants  present,  is  able  to  increase  to 

ar  greater  numbers  than  was  the  case  in  its  native  home.     Indeed  it 

ould  probably  be  very  difficult  to  produce  crops  in  most  regions  of  the 

arth,  if  the  predaceous  and  parasitic  insects  were  not  present  to  keep 

own  the  plant-feeding  species. 

Weiss,  in  classifying  the  insects  of  New  Jersey  according  to  their 

od  habits,  found  that  28  per  cent  of  the  approximately  10,000  kinds 

f  insects  known  to  occur  in  that  state  were  feeders  on  other  insects. 

Cannibalism,  the  devouring  of  individuals  by  their  own  kind,  is  an 

port  ant    factor   in  reducing  the  numbers  of  certain  insects.     A  con- 

picuous  example  is  the  larvse  of  the  corn  earworm. 

Birds.— From  an  insect  standpoint  a  birdless  country  would  be  a 
>  highly  desirable  place  in  which  to  live,  as  in  Mich  a  country  they  would  be 
r  safe  from  the  attacks  of  many  of  their  most  persistent  enemies.  A  pro- 
it    portion  of  the  food  of  most  birds  is  made  up  of  insects,  and  the  food  of 
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many  species  is  largely  of  insect  origin.  The  actual  number  of  insects 
eaten  in  a  day  by  certain  birds  is  surprising,  in  some  eases  being  almost 
or  quite  equal  to  the  weight  of  the  bird  itself.  This  is  especially  true  of 
the  nestlings  during  the  most  rapid  period  of  their  growth.  Thanks  to 
the  studies  which  have  been  carried  on  by  the  United  States  Bureau  of 
Biological  Survey,  we  now  have  sufficient  data  on  the  food  of  nearly  all  of 
the  common  species  of  birds  to  enable  us  to  know  their  value  as  insect- 
destroyers.1  Some  of  the  common  species,  such  as  robins  and  catbirds, 
eat  insects  mainly  during  the  summer  when  this  kind  of  food  is  most 
abundant.  Others  such  as  some  of  the  woodpeckers  and  creepers  subsist 
largely  on  an  insect  diet  throughout  the  year.  Even  those  species  thai 
are  largety  grain  feeders,  such  as  the  blackbird  and  English  sparrow,  will 
often  congregate  in  large  numbers  in  areas  where  insect  outbreaks  are 
occurring  and  will  feed  mainly  on  insects  during  the  period  when  they  can 
be  easily  obtained.     See  also  p.  50. 

While  birds  cannot  be  expected  to  become  sufficiently  abundant  in  any 
thickly  settled  farming  area  for  us  to  depend  upon  them  alone  to  prevent 
insect  damage,  they  are  of  great  value.  Most  birds  earn,  many  times 
over,  the  fruit  and  berries  they  take  from  our  orchards  and  gardens.  The 
value  of  most  birds  as  insect  destroyers  alone,  will  warrant  all  the  pro- 
tection we  can  afford  them.  This  protection  is  needed  not  only  against 
killing  by  the  use  of  firearms  and  nest  robbing,  but  also  against  the  cat, 
which  is  the  birds'  worst  enemy  in  many  sections.  The  number  of  birds 
in  a  local  area  may  be  increased  by  providing  food  during  the  winter 
months  and  water  and  suitable  nesting  materials  and  places  during 
spring  and  summer,  and  by  planting  seed-  and  fruit-bearing  shrubs.  The 
setting  aside  of  tracts  of  land  as  game  preserves  also  will  aid  in  increasing 
the  numbers  of  song  birds  valuable  as  insect  destroyers. 

Mammals  and  Other  Animals  That  Feed  on  Insects. — Many  of  the 
small  mammals  feed  to  a  great  extent  on  insects.  Some  of  the  ground 
squirrels  eat  white  grubs  and  other  soil-infesting  insects,  but  these  make 
up  only  a  small  part  of  their  food.  Moles,  shrews,  and  skunks  depend 
largely  on  insects  for  their  food,  and  destroy  very  large  numbers  of  the 
soil-infesting  kinds.  Some  species  of  snakes,  newts,  and  salamanders  also 
subsist  largely  on  an  insect  diet.  The  toad  is  one  of  the  most  useful  of 
our  common  small  animals,  its  food  consisting  almost  entirely  of  insects, 
more  than  60  per  cent  of  which  are  of  injurious  species.  These  are  eaten 
in  very  great  numbers,  the  toad  devouring  in  24  hours  an  amount  of 
insect  food  equal  to  about  four  times  its  stomach's  capacity. 

Value  of  a  Knowledge  of  Natural  Control. — As  the  factors  of  natural 
control  cannot  be  greatly  influenced  by  man,  it  might  seem  that  a  knowl- 
edge of  such  factors  would  not  be  of  much  value.  The  opposite  is  true, 
however.     Knowing    the    climate,    soil,    and    topography    of   a   region, 

Henderson,  Junius,  "The  Practical  Value  of  Birds,"  The  Macmillan  Co.,  1927 
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we  may.  to  a  certain  extent,  be  able  to  tell  the  kinds  of  insects  thai  will  be 
most  common  in  thai  region,  and,  with  a  knowledge  of  their  food  plant 
preferences,  the  crops  thai  will  be  most  subject  to  injury.  This  is  of  the 
greatest  value  in  estimating  the  amount  of  injury  thai  may  be  expected 

from  foreign  insects  newly  established  in  a  country. 

This  knowledge  of  natural  control  is  also  of  great  practical  value  in 
enabling  one  to  toll  the  effect  of  the  weather  of  a  season  on  insects,  and 
from  this  to  predict  the  relative  abundance  of  injurious  species  the  next 
year.  For  example,  a  winter  period  of  very  low  temperature  with  no 
snow  will  kill  most  of  the  eggs  of  the  gypsy  moth.  Long  periods  of  dry, 
hot  weather,  during  the  summer  will  prevent  the  apple  maggot  from  ever 
becoming  a  serious  pest  in  areas  where  such  weather  is  the  rule.  Heavy 
rains  during  the  time  when  the  eggs  of  the  chinch  bug  are  hatching  will 
often  terminate  a  period  of  several  years  of  serious  destruction  by  this 
insect.  In  the  case  of  the  pale  western  cutworm,  in  the  prairie  provinces 
of  Canada,  it  has  been  found  possible,  according  to  Seamans,  to  predict 
the  irregular  and  very  serious  outbreaks  of  this  cutworm,  by  noting  the 
number  of  wet  days  in  the  preceding  May  and  June.  If  there  are  fewer 
than  10  days  in  these  2  months  when  it  is  too  wet  to  work  in  the  soil,  there 
will  be  an  increase  and  probably  an  outbreak  of  the  cutworm  the  following 
spring.  If  there  are  more  than  15  such  wet  days  in  May  and  June,  little 
trouble  may  be  expected  from  this  insect  the  following  season.  The 
explanation  of  this  correlation  between  weather  and  cutworm  abundance 
is  as  follows:  The  pale  western  cutworms  work  below  ground  except 
when  the  soil  is  wet.  When  driven  above  ground  by  heavy  rains  or  by 
irrigation,  they  are  attacked  by  several  kinds  of  parasites,  which  reduce 
their  numbers  so  that  no  outbreak  is  possible  the  following  year.  If  the 
soil  is  dry  enough  so  they  may  remain  below  ground  most  of  their  period 
of  larval  activity  in  May  and  June,  the  parasites  do  not  reach  them,  the 
cutworms  remain  healthy,  and  may  increase  their  numbers  to  epidemic 
proportions  by  the  following  year. 

Taking  into  account  what  we  know  of  the  effect  of  various  natural 
factors  on  insect  abundance,  it  is  now  possible  to  warn  growers  of  threat- 
ening outbreaks  of  certain  of  the  more  carefully  studied  species  of  insects, 
in  time  to  apply  measures  of  control.  In  Illinois,  for  example,  during  the 
past  10  years  fruit  growers  have  been  informed,  about  10  days  in  advance, 
the  time  when  the  eggs  of  the  codling  moth  will  start  hatching.  Field 
chocks  have  shown  that  the  predictions  have  usually  boon  accurate  to 
within  24  hours  and  that  there  has  never  been  an  error  of  more  than  3 
days.  The  importance  of  a  knowledge  of  the  effect  of  these  natural 
factors  on  insect  life  is  just  beginning  to  be  realized,  and  a  more  thorough 
study  of  them  is  badly  needed. 


CHAPTER  X 
APPARATUS  FOR  APPLYING  INSECTICIDES 

Probably  the  first  apparatus  for  applying  insecticides  in  liquid  form 
was  a  bundle  of  twigs  or  feathers,  or  a  brush  broom.  For  applying  dry 
insecticides,  a  bellows  or  blowing  tube  was  used.  Such  crude  apparatus 
was  the  only  kind  in  general  use  up  to  less  than  100  years  ago.  The 
development  of  spraying  and  dusting  machinery  has  been  largely  an 
American  achievement,  of  which  we  may  be  justly  proud. 

The  two  general  methods  of  applying  insecticides  are:  as  sprays,  in 
which  water  is  the  carrier  for  the  poison ;  and  as  dusts,  in  which  some  fine 
dry  powder  is  the  carrier. 

Spraying  Machinery 

A  good  sprayer  is  one  that  will  apply  a  liquid  to  the  surface  of  the 
object  treated  in  such  a  manner  as  to  give  a  uniform  covering  with  the 
least  expenditure  of  power,  labor,  and  material  possible  to  produce  this 
result.  In  addition,  a  sprayer  should  have  sufficient  capacity  to  cover 
the  objects  to  be  treated  in  a  short  space  of  time.  The  period  of  time 
available  for  any  one  application  depends  on  the  kind  of  plants  or  insects 
being  treated,  but  is  not  usually  over  5  days.  The  sprayer  must  be 
strongly  built  and  of  the  proper  material  to  withstand  wear  and  the 
chemical  action  of  the  spray  mixtures.  All  working  parts  should  be  of 
brass  or  bronze.  It  must  be  so  constructed  that  all  parts  are  readily 
accessible  for  cleaning  or  making  repairs.  It  must  be  as  simple  as  possible 
in  construction.  A  supply  of  spare  parts  should  be  available  at  some 
nearby  point.  It  is  best  to  buy  of  a  reliable  company  whose  machines 
have  stood  the  test  of  practical  work. 

General  Suggestions  about  Spraying. — No  agricultural  operation 
requires  greater  care  and  thoroughness  than  spraying.  When  stomach 
poisons  are  being  applied,  the  aim  should  be  to  cover  every  bit  of  leaf  and 
fruit  surface  and  succulent  buds  and  stems.  If  a  contact  insecticide 
is  being  used,  it  should  be  remembered  that  only  those  insects  will  be 
killed  that  are  actually  hit  by  the  spray.  While  thoroughness  is  required, 
the  application  should  be  stopped  as  soon  as  dripping  begins. 

The  application  of  sprays  must  ordinarily  be  very  accurately  timed  to 
coincide  with  the  period  in  the  development  of  the  insects  when  they  are 
most  easily  killed,  or  the  stage  in  seasonal  development  of  the  plant  when 
it  will  best  withstand  the  treatment.     Since  these  times  will  vary  widely 
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in  different  sections  of  the  country,  the  grower  should  secure  the  advice 

of  his  own  state  entomologists  regarding  spray  programs  for  different 
crops  and  insects.  In  general,  the  earlier  the  spray  is  given  after  the 
insects  appear  the  easier  it  is  to  destroy  them. 

Spraying  should  not  be  done  in  rainy  weather,  although  arsenical 
sprays  will  adhere  satisfactorily  to  plants  if  the  spray  has  time  to  dry 
before  rain  falls.  Winter  sprays  should  ordinarily  not  be  applied  when 
the  temperature  is  below  freezing  or  when  the  trees  are  wet  with  snow  or 
rain. 

Good  pressure  is  essential  to  the  best  results  in  spraying  and  the  spray 
outfit  should  be  sufficiently  powerful  to  maintain  a  pressure  of  at  least  75 


FlG.  106. — A  hand  atomizer,  useful  for  spraying  small  plants.      (From  U.  S.  D.  A.  Farmers' 

Bull.  908.) 

pounds.  For  orchard  and  vineyard  spraying,  best  results  are  secured  at 
pressures  of  at  least  200  to  300  pounds  per  square  inch. 

When  using  arsenicals,  which  do  not  go  into  solution,  good  agitation 
of  the  spray  material  is  very  important  to  maintain  an  even  mixture. 

The  best  pump  can  easily  be  ruined  by  failure  to  give  it  proper  care. 
Clean  water  should  always  be  pumped  through  the  sprayer  after  using,  to 
flush  out  all  of  the  corrosive  and  abrasive  spray  materials.  Wooden 
tanks  are  best  stored  in  damp  places.  The  metal  parts  should  be  kept 
oiled  to  prevent  rust. 

Since  most  spraying  materials  are  violent  poisons,  they  should  be 
plainly  labeled  and,  together  with  mixing  vessels,  kept  out  of  reach  of 
children.  Animals  must  be  kept  away  from  liquid  sprays  and  not  allowed 
to  pasture  under  sprayed  trees.  Fruits  and  leafy  vegetables  must  not  be 
sprayed  immediately  before  marketing  unless  a  fugitive  poison,  like 
hellebore  or  pyrethrum,  is  used. 
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Kinds  of  Sprayers.     The  size  and   type  of  sprayer  to  be  used  will 
depend  on  the  amount  and  kind  of  work  to  be  done,  but   the  sprayer 


Fig.  167. — A  compressed-air  sprayer,  useful  for  a  few  plants  or  shrubs.      (From  l\  S.  D.  A. 

Farmers    Bull.  908.) 


Fig.  168. — A  bucket  pump.       Fig.    169. — A    wheelbarrow    sprayer.      (From   the    Hardie 
(From  the  Deming  Manufactur-  Manufacturing  Co.) 

ing  Co.) 

should  always  be  large  enough.     The  engine  for  operating  the  sprayer 
should  be  able  to  maintain  sufficient  pressure  without  strain.     Spraying, 
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at  beet,  is  a  disagreeable  task,  and  the  use  of  a  machine  which  does  nol 

have  Sufficient  capacity  is  very  likely  to  mean  thai  the  work  will  be  poorly 
done. 

The  more  important  types  of  sprayers  are  (1)  hand  atomizers,  (2) 
compressed-air  sprayers,  (3)  bucket  pumps,  (4)  wheelbarrow  sprayers, 
(5)  barrel  pumps,  (6)  double-acting  tank  pumps,  and  (7)  power  sprayers. 

For  a  few  plants  in  a  backyard  garden  or  flower  bed,  a  small  sprayer  of 
the  atomizer  type  (Fig.  166)  may  be  used.  This  type  of  sprayer  is  made 
in  several  styles.  Those  giving  a  continuous  fine  spray  are  to  be 
preferred. 


Fio.  170. 


-A  barrel  pump  suitable  for  spraying  a  garden  or  small  orchard.      (From  U.  S. 
D.  A.  Farmers'  Bull.  908.) 


For  the  average  garden,  a  good  compressed-air  sprayer  of  from  1  to  3 
gallons  capacity  is  fairly  satisfactory.  This  type  of  sprayer  (Fig.  167) 
should  be  equipped  with  a  short  extension  rod  and  an  angle  nozzle.  Such 
a  sprayer  may  be  used  for  covering  a  few  shrubs,  or  bush  fruits,  but  is  not 
suitable  for  trees.  There  are  several  other  types  of  hand  sprayers  suitable 
for  use  in  small  gardens  such  as  the  bucket  pumps  (Fig.  168),  knapsack 
sprayers,  and  wheelbarrow  sprayers  (Fig.   169). 

For  large  gardens  of  }4  to  2  acres,  or  for  a  small  orchard  for  family  use, 
B  barrel  sprayer  (Fig.  170)  with  an  extension  rod  at  least  8  and  not  over 
12  feet  long  is  fairly  effective.  This  sprayer  should  be  so  constructed 
that  a  man  can  maintain  from  75  to  100  pounds'  pressure,  with  one  dis- 
charge pipe  in  operation.      It  should  have  a  good  agitator.      The  working 
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parts  should  be  of  brass  or  bronze.  The  air  chamber  should  be  in  the 
barrel,  not  projecting  much  above  the  top,  and  sufficiently  large  to 
maintain  an  even  pressure. 

A  tank  outfit  equipped  with  a  double-acting,  two-cylinder  hand 
pump  (Fig.  171)  will  be  much  more  satisfactory  for  an  orchard  of  from 
20  to  40  trees.  With  this  type  of  sprayer  a  pressure  of  from  100  to  125 
pounds  may  be  maintained,  and  while  ohis  is  not  sufficient  for  the  best 
results,  it  will  give  fairly  clean  fruit,  where  the  spray  material  is  properly 


Fig.  171. — A  double-acting,  horizontal  tank  pump.      (From  the  Hardie  Manufacturing  Co.) 


mixed  and  thoroughly  applied  at  the  proper  time.     A  lead  of  at  least  25 
feet  of  hose  should  be  supplied. 

For  orchards  of  more  than  50  large  trees,  a  power  sprayer  (Fig.  173)  is 
the  only  type  that  can  be  depended  upon  to  give  good  results.  There  are 
many  styles  and  makes  of  well-built  power  spray  outfits  on  the  market. 
In  selecting  the  one  best  suited  for  any  particular  orchard,  the  points 
mentioned  in  regard  to  the  essentials  of  a  good  sprayer  should  be  kept  in 
mind.     The  engine  should,  in  all  cases,  be  large  enough  to  give  an  excess 
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of  power  for  the  kind  of  work  to  be  done  This  means  thai  it  should  be 
capable  of  maintaining  a  pressure  of  250  to  300  pounds.  If  extension  rods 
are  to  be  used,  one  should  have  at  least  2  horsepower  to  each  discharge 

pipe,  and  if  the  spray  gun  is  used  at  least  3  horsepower  for  each  gun. 
Most  of  the  larger-type  sprayers  are  now  sold  with  engines  of  from  6  to 
10  horsepower  as  standard  equipment. 

Parts  of  a  Sprayer. — Some  of  the  more  important  parts  of  a  spray  outfit 
are  as  follows: 

The  cylinders  (Fig.  172)  are  the  part  of  the  pump  in  which  the 
pressure  is  developed.  They  must  be  of  non-corrosive  material.  Other 
things  being  equal,  a  cylinder  of  large  diameter  is  to  be  preferred.  The 
larger  power  pumps  have  2,  3,  or  4  cylinders. 

The  plungers  or  pistons  (Fig.  172)  force  the  spray  liquid  through  the 
cylinders.  The  plunger  is  made  to  fit  tightly  inside  the  cylinder  by  means 
of  packing.  Some  arrangement  should  always  be  provided  for  easily 
tightening  or  renewing  the  packing. 

Valves,  usually  of  the  ball  type,  and  valve  seats  (Fig  172)  direct  the 
flow  of  the  spray.  They  are  very  likely  to  become  clogged  with  particles 
of  spray  materials  or  dirt  and  must  be  readily  accessible  for  cleaning. 

An  air  chamber  (Fig.  172)  to  equalize  the  pressure  and  remove  the 
excessive  strain  should  be  provided  on  every  pump.  Its  volume  should 
be  equal  to  at  least  half  the  capacity  of  the  pump  per  minute.  The 
discharge  opening  leading  to  the  nozzles  is  located  at  the  bottom  of  the 
air  chamber. 

The  tank  (Figs.  171  and  173),  in  which  the  spray  ingredients  are 
mixed  and  held,  is  usually  of  wood.  Some  small  pumps  use  tanks  of 
galvanized  metal.  Brass,  although  much  more  expensive,  is  resistant 
to  all  ordinary  spray  mixtures. 

Since  many  spray  ingredients  are  not  soluble  in  water,  an  agitator 
(Fig.  172)  is  of  great  importance  to  keep  the  finely  divided  particles 
evenly  distributed  in  the  water. 

A  pressure  gage  (Fig.  171)  is  important  to  show  under  what  pressure 
spray  is  being  supplied  to  the  nozzles. 

Strainers,  over  the  intake  to  the  tank,  and  over  the  suction  or  intake 
pipe  leading  to  the  cylinders  (Fig.  172),  are  of  great  importance  in 
keeping  the  spray  liquid  free  from  troublesome  foreign  matter. 

The  discharge  pipe  should  be  as  free  as  possible  from  abrupt  angles 
that  cut  down  the  pressure  between  pump  and  nozzles. 

The  hose  (Figs.  169  and  173)  for  orchard  spraying  should  be  at  least 
25  feet  long,  of  J^-inch  inside  diameter  and  four-  to  seven-ply  strength. 
For  solid-stream  forest-tree  spraying,  hose  of  much  greater  strength  and 
size,  and  sometimes  leads  J^  mile  long  are  required. 

Each  lead  of  hose  is  provided  either  with  an  extension  rod  and  nozzle 
or  with  a  spray  gun  or  solid-stream  nozzle. 
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VALVES 

AGITATOR 
ROD 


AGITATOR 
PLATE. 


SUCTION  TUBEL 


STRAINER 


Fig    172.— Sectional  view  of  a  hand  pump  to  show  arrangement  of  the  valves  plunger 
and  packing,   and  the  course  of  the  spray;  with  the  principal  parts  named, 
labeled  plunger  tube  is  better  known  as  the  cylinder. 


(From  the  Spramotor  Company.) 
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Nozzles  and  Spray  Guns.  The  actual  application  of  the  spray  is 
usually  made  from  an  extension  rod  equipped  with  from  one  to  three 
nozzles  of  one  of  several  types,  or  with  t he  spray  gun.  The  latter  has 
come  into  general  use  since  about  1915.  There  is  still  a  considerable 
difference  of  opinion  as  to  its  effectiveness. 

'The  spray  gun  (Fig.  174)  is  made  of  a  short,  heavy  rod  about  %  inch 
in  diameter  and  2  to  3  feet  long  with  one  or  two  large  nozzles  at  the  tip. 
The  opening  in  the  nozzles  is  rather  large,  and  the  gun  throws  a  large 


Fig.  173. — Motor-truck,  high-pressure,  power  sprayer  used  for  park  and  woodland 
spraying.  The  same  motor  drives  the  truck  and  operates  the  pump.  (From  U.  S.  D.  A. 
Dcpt.  Bull.  480.) 


volume  of  spray.  A  rotating  handle  at  the  base  enables  the  operator 
to  regulate  the  stream,  from  a  coarse  spray  that  will  carry  to  the  tops 
of  the  trees,  to  a  fine  mist  for  the  lower  or  near-by  branches. 

According  to  Anderson  and  Roth,1  the  following  amounts  of  spray 
will  be  discharged  from  a  spray  gun  with  discs  having  different-sized 
apertures,  and  with  a  pressure  of  250  pounds: 


Size  of  A  pcrturc, 
Inches 

Hi 

Vs 

%4 

He 


Rate  of  Discharge, 
Gallons  per  Minute 

5 

6 

9 
\-l 
20 


1  Anderson  and  Roth,  "Insecticides,  Fungicides  and  Appliances,"  John  Wiley 
and  Sons,  1923. 
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Instead  of  B  spray  gun,  an  extension  rod  may  he  used  to  support  tin- 
nozzles  in  Bpraying  trees.  Spray  rods  consist  of  Light  metal  pipes,  from 
6  to  12  feet  in  length,  with  a  cutoff  at  the  base  where  they  are  attached 


Fig.  174. — Ten  different  designs  of  spray  guns.  1,  Friend  Universal;  2,  Wardel  (new- 
design);  3,  Wardelo;  4,  Hardie;  5,  Bean;  6,  Myers;  7,  Boyce;  8,  Comet;  9,  Hayes;  10, 
Friend.  (From  ''Insecticides,  Fungicides  and  Appliances"  by  Anderson  and  Roth,  John 
Wiley  &  Sons,  Inc.) 

to  the  hose,  and  with  one  or  more  nozzles  attached  to  the  tips.  The 
rods  are  generally  made  of  light  brass,  enclosed  in  bamboo.  Iron  or 
steel  rods  are  sometimes  used,  but  are  heavy  and  hard  to  hold. 


Fig.   175. — A  Bordeaux  nozzle,  which  throws  a  flat,  fan-shaped,  driving  spray. 

U.  S.  D.  A.  Farmers'  Bull.  908.) 


(From 


Spray  nozzles  are  of  many  styles,  but  may  be  grouped  into  four 
general  types,  the  Bordeaux  (Fig.  175),  the  Vermorel  (Fig.  176),  the 
disc  type  (Fig.  177),  and  the  solid-stream  type  (Fig.  178).     In  the  Bor- 
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deaux  type,  the  si  ream  is  broken  by  a  beveled  obstruct  ion,  which  may 
be  Bel  at  any  angle  to  the  direction  of  the  stream.     This  type  of  nozzle 

gives  a  driving,  fan-shaped  spray  of  rather  coarse  spray  particles.  It 
is  very  wasteful  of  spray  material,  is  heavy,  and  wears  rapidly  where 
high  pressures  are  used.     It  will  drive  the  spray  with  considerable  force 


Fig.  176. — A  double  Vermorcl  nozzle  with  disgorger;  each  nozzle  throws  a  misty  cone- 
shaped  spray.      (From  U.  S.  D.  A.  Farmers'  Bull.  908.) 

against  the  object  to  be  sprayed,  and  this  may  sometimes  be  an  advan- 
tage.    This  type  of  nozzle  is  now  little  used. 

The  Vermorel  and  disc  nozzles  consist  of  a  cap  enclosing  a  small 
chamber,  called  the  whorl  chamber.  The  spray  enters  this  chamber  at 
an  angle  through  one  or  more  openings  and  is  discharged  through  a 


Fig.  177. — Angle  disc  nozzle  which  throws  a  cone-shaped  spray;  of  larger  capacity  than  the 
Vermorel.      (From  U.  S.  D.  A.  Farmers'  Bull.  908.) 


small  aperture  in  the  center  of  the  thin  disc  that  covers  the  outer  end 
of  the  whorl  chamber.  The  angle  at  which  the  liquid  enters  the  chamber, 
the  depth  of  the  chamber,  the  size  of  the  discharge  aperture,  and  the 
pressure  determine  the  fineness  of  the  spray  particles.  The  shallower 
the  chamber,  the  smaller  the  particles,  if  the  other  factors  are  equal. 
The  same  effect  is  produced  by  increasing  the  angle  at  which  the  liquid 
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Fig.  178.— The 
Worthley  solid- 
stream  nozzle,  with 
spreader  attached 
at  tip.  (From  U. 
S.  D.  A.  Dept.  Bull. 
480.) 


enters  the  chamber,  or,  up  to  a  certain  point,  bj  increas- 
ing the  pressure  or  decreasing  the  size  of  the  discharge 

aperture.  Increasing  the  pressure  with  the  other 
factors  equal  will  increase  the  fineness  of  the  spray  par- 
ticles. The  spray  from  this  type  of  nozzle  is  thrown 
out  in  the  form  of  a  hollow  cone,  the  size  and  shape 
of  the  cone  also  depending  on  the  factors  just  men- 
tioned. Enlarging  the  aperture  increases  the  width  of 
the  cone  and  the  amount  of  liquid  discharged.  Increas- 
ing the  pressure  has  the  same  effect.  In  the  earlier 
types  of  Vermorel  nozzles,  a  disgorging  pin  was  placed  in 
the  center  of  the  chamber,  the  point  of  the  pin  being  held 
so  that  it  could  be  forced  through  the  aperture  to  dislodge 
particles  that  had  clogged  the  opening  (see  Fig.  176). 

The  disc  nozzle  as  now  constructed  will,  with  pro- 
per adjustments,  give  a  fine  spray  with  enough  driving 
power  to  cover  the  foliage.  The  larger  disc  nozzles, 
such  as  used  on  the  spray  gun,  will  deliver  a  large  volume 
of  liquid,  enabling  the  operator  to  work  rapidly.  The 
fact  that  the  spray  is  delivered  in  the  form  of  a  hollow 
cone  has  some  disadvantages,  but  the  fact  that  the  noz- 
zle is,  or  should  be,  moved  continuously  while  the  spray 
is  being  discharged  should  insure  a  thorough  distribu- 
tion. The  disc  nozzles  and  Vermorel  nozzles  are  gener- 
ally used  for  orchard  spraying  in  clusters  of  from  two  to 
four  attached  to  a  Y-shaped  extension  on  the  end  of  the 
spray  rod,  or  singly  on  3-  or  4-foot  rods  for  garden  work. 

Solid-stream  Spraying. — This  method  of  spraying 
has  been  developed  in  the  eastern  section  of  the  United 
States,  where,  because  of  the  presence  of  the  gypsy 
moth,  elm  leaf  beetle,  and  other  insects,  it  has  become 
necessary  to  spray  large  street  and  park  trees  or  good- 
sized  tracts  of  woodland.  To  accomplish  such  work 
requires  a  nozzle  that  will  throw  a  stream  from  50  to 
100  feet  (Fig.  179),  and  give  a  thorough  covering  of  the 
foliage  at  such  heights.  The  nozzle  now  used  for  this 
work  is  called  the  " Worthley"  (Fig.  178).  With  this 
nozzle  the  stream  is  forced  at  a  high  pressure  through 
a  smooth  bronze  tube  inside  of  which  is  a  fin-like  device, 
used  to  overcome  the  rotary  motion  given  to  the  water 
as  it  passed  through  the  hose.  This  tube  is  from  40  to 
60  inches  in  length,  and  at  the  end  is  attached  a  tip 
which  reduces  the  size  of  the  stream  as  it  leaves  the 
tube.     The  apertures  in   these  tips  vary  from  %  to 
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Fig.  170. — Spraying  woodland  oak  trees,  85  feet  high,  with  a  Worthley  solid-stream 
nozzle.  Inset  shows  distribution  of  spray  on  plate  fastened  at  top  of  tree,  highly  magnified. 
(From  U.  S.  D.  A.  Dept.  Bull.  480.) 
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•"•  i  (1  inch,  and  discharge  from  t>  bo  1">  gallons  per  minute  at  250 
pounds'  pressure.  For  Bpraying  shrubs  or  low  branches  of  trees,  a 
curved  brass  strip,  or  spreader,  is  attached  to  the  outside  of  the  nozzle 
When  this  is  pushed  out  to  a  point  where  it  comes  in  contact  with  the 
stream  as  it  leaves  the  nozzle,  the  stream  is  broken  up  into  a  rather 
coarse  mist.  With  the  longer  nozzles  of  this  type,  and  a  pressure  of 
300  pounds  at  the  nozzle,  it  is  possible  to  spray  trees  from  70  to  100  feet 
in  height,  and  give  a  very  thorough  and  uniform  covering  of  the  upper 
foliage.  In  the  work  in  woodlands  and  large  parks,  it  is  often  necessary 
to  use  long  leads  of  hose,  1  to  1)^  inches  in  diameter  and,  at  times  J^ 
to  1  mile  in  length.  Where  such  length  of  hose  is  used,  a  pump  pressure 
of  from  500  to  800  pounds  is  necessary  to  maintain  a  pressure  of  250 
pounds  at  the  nozzle.  For  this  type  of  spraying,  an  engine  of  20  or 
more  horsepower  is  needed.  Most  of  these  large  sprayers  are  mounted 
on  trucks  with  double  transmission,  so  that  the  full  power  of  the  engine 
can  be  used  for  the  pump  when  not  moving,  or  can  be  used  to  drive 
both  truck  and  pump  when  the  truck  is  in  motion1  (see  Fig.  173). 

Spray  Booms. — For  the  spraying  of  such  crops  as  grapes,  small 
fruits,  nursery  trees,  and  field  crops  in  general,  many  special  types  of 
sprayers  have  been  developed.  These  usually  consist  of  an  arrangement 
of  nozzles  of  the  disc  type,  attached  to  frames  of  metal  called  booms,  in 
such  a  manner  and  in  sufficient  numbers  to  insure  a  thorough  covering 
of  the  foliage,  often  on  both  the  upper  and  under  surfaces.  With  such 
sprayers,  care  should  be  taken  that  hose  connections  from  the  pump 
are  adequate  to  supply  each  nozzle  with  the  spray  mixture;  that  the 
nozzles  are  readily  detachable  for  cleaning;  that  the  pump  and  motive 
power  to  drive  it  are  large  enough  to  maintain  the  pressure  necessary 
to  efficient  operation;  and  that  they  will  maintain  the  capacity  rate  of 
discharge  of  the  nozzles.  Where  traction-driven  outfits  are  operated,  a 
triplex  pump  should  be  used.  With  such  outfits,  it  is  seldom  possible 
to  develop  more  than  150  pounds'  pressure  if  6  to  10  nozzles  are  attached 
to  the  boom.  Because  of  the  difficulty  of  maintaining  even  this  low 
pressure,  and  because  of  the  slipping  of  the  wheels  in  soft  ground,  an 
engine-driven  outfit  is  much  more  satisfactory.  For  such  outfits, 
about  1  horsepower  is  necessary  for  each  4-gallons-per-minute  discharge 
capacity  of  the  nozzles. 

Dusting  Machinery 

Although  the  original  method  of  poisoning  plants  for  insect  control 

was  by  dusting,  spraying  has  been  much  more  extensively  used  during 

the  past  50  years.     Dusting  is  easier,   lighter,   pleasanter,   and  faster 

work  than  spraying.     Two  pounds  of  dust  mixture  have  ordinarily  as 

1  Solid  Stream  Spraying  against  the  Gypsy  and  Brown-tail  Moths  in  New 
England,  U.  S.  Dept,  Agr.,  Dept.  Bull.  480,  1917. 
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much  covering  power  as  10  gallons  (80  pounds)  of  spray.  The  dust, 
outfit  is  also  much  Lighter  than  the  spray  rig  and  an  equal  force  of  men 
can,  with  a  dust  outfit,  cover  from  several  to  many  times  the  acreage 
possible  by  liquid  applications. 

There  is  probably  not  an  orchardist,  truck  gardener,  or  grower  of 
field  crops,  who  would  not,  by  preference,  apply  insecticides  and  fungi- 
cides in  tho  dust  form  if  he  felt  that  he  could  secure  as  good,  or  very 
Dearly  as  good,  results  with  dusting  as  he  could  with  spraying.  Certain 
chewing  insects  have  been  fairly  well  controlled  for  many  years  by 
applications  of  dust  to  the  leaves  of  the  plants.  Other  chewing  insects 
and  sucking  insects  have  not  been  controlled  at  all  in  this  way.  In 
most  cases,  it  is  desirable  to  make  applications  for  the  control  of  diseases 


Fig.  180. — A  useful  shaker  for  applying  dusts,  made  from  a  gallon  tin  pail  and  a  wooden 
extension  handle.  The  pail  should  have  a  tight-fitting  lid.  (From  III.  Agr.  Exp.  Sta. 
Bull.  249.) 


and  insects  at  the  same  time,  and  for  this  reason,  a  dust  which  would 
come  into  general  use  must  be  one  that  will  contain  a  stomach  poison,  a 
contact  insecticide,  and  a  fungicide.  Until  such  a  satisfactory  combi- 
nation dust  is  discovered,  general  reliance  for  the  protection  of  many 
crops  will  be  placed  upon  liquid-spray  mixtures. 

A  good  duster,  like  a  good  sprayer,  is  one  that  will  spread  the  insec- 
ticide — in  this  case  in  dry  form — in  such  a  manner  as  to  give  the  most 
uniform  coating  possible  to  the  plants  to  be  treated.  For  the  reason 
that  spraying  has  in  the  past  proved  somewhat  more  effective  than 
dusting,  there  lias  been  a  wider  range  of  development  in  spraying  machin- 
ery; and  because  of  the  difference  between  the  machinery  required  for 
the  application  of  a  liquid  and  that  for  a  dust,  sprayers  have  always 
been,  and  will  continue  to  be,  somewhat  more  complicated  than  dusters. 
During  the  last  10  years,  however,  there  has  been  a  great   advance  in 
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the  mat  dials  used  for  dusting  and  in  the  machinery  with  which  th< 
materials  arc  applied. 

The  only  dusters  in  use,  up  to  about  1900,  consisted  of  modified 
bellows,  or  small  hand  machines,  from  which  the  dust  was  discharged 
by  the  air  blast  created  by  a  revolving  fan.  At  present,  there  are 
many  kinds  and  types  of  dusters  on  the  market.  These  consist,  in 
general,  first,  of  small  han<l  dusters  adapted  to  small  gardens,  having  a 
metal  chamber  with  a  plunger  which  is  pulled  back  and  forth  by  means 
of  a  handle,  and  which  discharges  a  blast  of  air  through  a  second  chamber 
containing  dust.     Many  different  forms  of  these  plunger  dusters  are 


Fig.  181. — Dusting  potatoes  with  a  hand-blowor  duster  suitable  for  garden  work.  The 
figure  shows  the  use  of  the  Y  attachment  to  cover  two  rows.  (From  Niagara  Sprayer 
Co.) 

made;  in  fact,  there  are  almost  as  many  different  kinds  as  there  are 
companies  making  them.  Some  of  them  are  well  constructed,  and,  with 
reasonable  care,  will  last  for  several  years.  Next  in  size  are  the  blower 
dusters  (Fig.  181),  which  consist  of  an  enclosed  fan  rotated  by  a  hand 
crank  which  sends  a  continuous  blast  of  air  through  a  small  chamber 
into  which  the  dust  is  fed  from  a  hopper.  Most  of  this  type  of  dusters 
do,  and  all  of  them  should,  contain  some  sort  of  an  attachment  for 
keeping  the  dust  stirred  in  the  hopper,  and  for  providing  an  even  feed 
through  the  discharge  chamber.  These  dusters  can  be  used  for  a  con- 
siderably larger  area  of  truck  crops  than  can  be  covered  by  the  same 
sized  sprayer.  In  fact,  1,  2,  or  even  5  acres  may  be  protected  with  a 
good  blower  type  of  hand  duster.  Dusting  several  acres  with  a  hand 
duster  is  tiresome  work,  and  if  several  applications  of  dust  have  to  be 
made  to  such  acreage,  a  larger  machine  should  be  used. 


VPPARATUS  FOR  APPLYING  INSECTICIDES 


293 


Another  type  of  duster  of  about  < h<*  same  Bize  is  the  bellows  duster, 
With  this  type,  the  air  is  forced  through  the  discharge  chamber  by  the 
extension  and  compression  of  a  bellows  attached  to  the  hack  of  the 

duster.       This  gives  a  discharge  of  1  ho  (Inst  in  puffs  instead  of  a  Continuous 

stream  as  with  the  blower  typo.  The  bellows-duster,  or  "puff"  duster 
as  it  is  sometimes  called,  is  well  adapted  to  hill  crops,  but  is  not  suitable 
for  row  crops.  It  is  also  fairly  satisfactory  to  use  on  small  trees  and 
shrubbery. 

There1  are  a  number  of  dusters  which  have  been  developed  for  field- 
crop  dusting,  in  which  the  fan  is  geared  to  the  wheel  or  wheels  on  which 
the  dust  ca-  runs.  Such  dusters  are  called  traction  dusters.  A  type 
which  is  quite  generally  used  in  the  South  for  small  acreages  of  cotton, 


Fig.  182. — Dusting  potatoes  with  a  two-horse,  field-crop,  traction  duster,  with  discharge 
pipes  arranged  to  cover  four  rows.     (From  Niagara  Sprayer  Co.) 


has  much  the  same  appearance,  and  is  built  in  much  the  same  way,  as 
a  one-horse  cultivator.  The  operator  guides  the  machine  by  two 
handles,  which  extend  back  from  the  frame.  The  discharge  pipes  extend 
back  parallel  with  the  handles  but  are  slightly  longer,  and  can  be  adjusted 
to  deliver  the  dust  at  an  angle  on  each  side  of  the  operator.  Such 
dusters  will  do  fairly  well  for  10  or  15  acres  of  field  crops.  They  are 
rather  disagreeable  to  use,  because  of  the  fact  that  the  operator  is 
exposed  to  the  dust  most  of  the  time  while  the  work  is  being  done. 

There  are  a  number  of  larger-type  traction  dusters  now  being  devel- 
oped for  work  on  field  crops;  which  consist,  in  general,  of  a  two-wheeled 
frame  with  some  arrangement  for  driving  the  fan  from  the  wheels.  These 
machines  will  develop  a  fair  amount  of  power,  and  are  capable  of  turning 
a  12-  to  16-inch  fan  at  2,500  to  3,000  revolutions  per  minute.  The 
hopper  of  such  a  machine  holds  from  50  to  100  pounds  of  dust,  or  enough 
to  cover  several  acres.     Such  machines  are  drawn  by  at  least  two  mules, 
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and  if  properly  constructed,  will  do  very  effective  work.  Their  are 
various  modifications  of  the  discharge  from  these  machines  depending 
on  the  type  of  crop  to  be  treated  (Figs.  1S'^  and  L83).  Some  of  these  large 
dusters  (Fig.  182)  adapted  for  field  crops  have  four  main  discharge 
pipes,  each  pipe  branching  again  to  permit  the  use  of  eight  nozzles,  and 
so  making  it  possible  to  apply  the  dust  to  each  side  of  the  four  rows 
covered  by  the  machine  on  each  trip  through  the  field.  The  greatest 
difficulty  with  these  machines  is  to  get  an  even  distribution  of  air  into 
all  the  pipes.  With  certain  types  of  field  crops,  particularly  those  that 
are  broadcasted,  it  has  not  been  possible  to  secure  an  even  distribution 
with  the  branched  pipes.  Some  machines  are  now  made  with  a  single 
discharge  pipe  which  conveys  the  dust  into  a  triangular,  trough-shaped 


Fig.  183. — Dusting  grapes  with  a  vineyard  traction  duster.      {From  Niagara  Sprayer  Co.) 

boom.  This  type  of  discharge  boom  has  been  particularly  developed 
for  work  on  the  pea  aphid,  and  has  proved  much  more  satisfactory  than 
the  numerous  discharge  pipes.  Owing  to  the  fact  that  the  speed  of 
the  machines  will  vary  with  the  rate  at  which  they  are  drawn  through  the 
field,  and  that  the  wheels  may  slip  in  soft  ground,  it  is  always  difficult 
to  maintain  an  even  discharge  from  traction-type  dusters. 

Most  of  the  dusters  now  in  use  for  orchard  and  field-crop  work,  are 
engine-driven.  With  a  4-  to  6-horsepower  engine  operating  the  fan  of 
such  a  duster,  it  is  possible  to  get  a  very  uniform  distribution  over  the 
plants  treated.  The  orchard  dusters  (Fig.  184)  are  built  on  the  same 
principle  as  the  traction,  field-crop  dusters,  but  instead  of  having  many 
discharge  pipes,  the  dust  is  blown  out  over  the  trees  from  one  large 
flexible  pipe.  The  rate  of  discharge  of  the  dust  is  controlled  by  the 
size  of  the  opening  from  the  hopper  into  the  discharge  chamber.  This 
rate  can  be  maintained  more  uniformly  than  the  discharge  of  liquid 
from  a  sprayer.  In  the  larger-type  dusters  there  is  a  tendency  at  present 
to  have  the  hopper  discharge  directly  on  to  the  fan  instead  of  into  a 
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separate  chamber.     There  is  some  advance  in  ibis  method  of  discharge; 

(he  dust  is  given  a  somewhat  higher  velocity,  and  the  force  of  discharge 
can  be  more  easily  regulated  by  increasing  or  diminishing  the  speed  of 
the  fan. 

Another  type  of  duster  now  put  on  the  market  by  some  of  the  large 
manufacturers  has  a  mixing  attachment  in  the  hopper  by  which  it  is 
possible  to  mix  the  ingredients  of  the  dust  immediately  before  it  is 
applied.  This  is  of  importance  where  volatile  substances,  such  as 
nicotine,  are  to  be  used  in  the  dust,  as  it  insures  an  absolutely  fresh 
material.     There  are  many  other  styles  of  dusters  made  to  meet  the 
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Fig.   184. — Dusting  apple  trees  with  an  engine-driven,  orchard  duster. 

Sprayer  Co.) 


(From  Niagara 


particular  needs  of  certain  crops,  such  as  vineyard  dusters,  nursery 
dusters,  corn  dusters,  cotton  dusters,  and  dusters  for  large  shade  trees. 
The  shade-tree  dusters,  however,  have  not  as  yet  been  developed  to  a 
point  where  they  can  be  said  to  be  a  success. 

With  dusting  machines,  as  with  spraying  machines,  one  should 
carefully  study  the  problem  before  selecting  a  machine.  Find  out  first 
the  rate  per  tree  or  per  acre  at  which  the  dust  should  be  applied  for  the 
control  of  the  particular  insects  to  be  combated,  and  get  a  machine 
capable  of  applying  dust  somewhat  in  excess  of  this  rate.  For  extensive 
work,  a  power-driven  machine  is  highly  desirable.  The  machine  should 
have  provision  in  the  hopper  for  keeping  the  dust  stirred  so  that  it  will 
not    cake  and  clog,   and  some  method   of  insuring  a   positive   {wd   at    a 
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uniform  rate  into  the  discharge  chamber,  With  some  of  tin-  volatile 
dusts,  particularly  with  nicotine  where  it  is  used  for  rather  resistant 
insects,  it  has  been  necessary  to  attach  a  trailer  behind  the  duster.  This 
trailer  consists  of  a  piece  of  canvas  attached  across  the  back  of  the 
duster,  and  dragging  behind  for  a  distance  of  from  10,  to  as  much  as 
40  feet  (Fig.  300).  The  purpose  of  these  trailers  is  to  confine  the  fumes 
given  off  from  the  dust  and  expose  the  insects  to  them  for  a  longer  period. 

Airplane  Dusting 

One  of  the  most  recent  developments  has  been  that  of  airplane 
dusting  (Fig.  185).     The  first  use  of  the  airplane  in  the  control  of  insects 


Fig.  185. — Dusting  peaches  with  an  airplane;  the  cloud  of  dust  discharged  from  the  plane 
at  a  height  of  about  15  feet  above  the  tree  tops.      (From  III.  State  Nat.  His.  Sur.) 

was  made  in  Ohio,  in  1921,  against  the  catalpa  sphinx.  By  this  method, 
large  quantities  of  the  dust  are  discharged  from  hoppers  built  into  the 
airplanes,  which  fly  over  the  fields  or  woodlands.  The  dust  so  discharged 
is  distributed  by  the  air  from  the  propeller  of  the  plane  and  settles  in  a 
very  uniform  manner  over  the  plants  or  trees  beneath.  In  airplane 
dusting,  planes  specially  designed  for  this  work  fly  at  speeds  of  70  to 
120  miles  an  hour  and  at  heights  of  10  to  35  feet  from  the  ground.  Swaths 
from  100  to  200  feet  wide  are  dusted,  and  the  plants  are  covered  at  the 
rate  of  4  to  12  acres  a  minute  of  actual  dusting  time  or  200  to  500  acres 
an  hour  by  a  single  plane. 

The  airplane  has  been  successfully  used  in  the  control  of  the  cotton- 
boll    weevil,    gypsy    moth,    sugar-cane  borer,  and  spruce  budworm,  in 
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dusting  peaches  for  insects  mid  plant  diseases,  in  destroying  mosquito 
Larvse  in  impenetrable  Bwamps,  and  for  certain  shade-  and  forest-tree 

insects  in  Ohio  and  Canada.  It  has  also  been  of  greal  assistance  in 
BCOUting  for  insect  outbreaks  in  remote  areas  of  forest  lands.  Certain 
Commercial  companies  have  aided  greatly  in  the  perfection  of  planes 
and  in  placing  this  work  on  a  practical  basis.  Where  large  areas  of 
Crops  sufficiently  concentrated  to  justify  the  employment  of  a  plane 
occur,  commercial  companies  will  contract  to  do  dusting  at  prices  below 
the  cost  of  ground  dusting.  The  work  is,  in  general,  quite  as  well 
done,  requiring  little,  if  any,  more  materials  and  with  no  more  danger 
to  surrounding  fields  and  homesteads  than  results  from  ground  dusting. 
The  speed  with  which  the  application  can  be  made  is  a  point  of  very 
great  advantage  in  the  control  of  many  pests. 

Another  point  in  regard  to  dusting  which  has  recently  come  to  the 
knowledge  of  investigators  is  the  fact  that  the  dust  on  leaving  the  machine 
is  given  a  certain  electrical  charge.  This  charge  may  be  the  same  as 
that  held  by  the  leaf  surfaces  over  which  it  is  blown;  if  this  is  the  case,  the 
dust  is  repelled;  as  objects  with  the  same  electrical  charge  are  mutually 
repellent.  If  the  charge  of  the  dust  particles  is  different  from  that  of 
the  leaf,  they  will  be  attracted,  and  stick  to  the  leaf  surface.  There  is 
apparently  a  difference  in  the  charge  given  to  dusts  of  different  kinds  by 
passage  through  a  duster.  Investigational  work  is  now  being  carried  on 
along  this  line  which  may  result  in  a  great  increase  in  dusting  efficiency. 


CHAPTKR  XI 

INSECTS  INJURIOUS  TO  CORN 

Corn  is  the  most  important  farm  crop  in  the  United  States,  having 
an  average  value  for  the  past  10  years  of  more  than  $2, 000, 000, 000. 
Insects  attack  every  part  of  the  plant  throughout  its  growth,  and  year 
after  year  destroy  more  than  5  per  cent  of  the  crop.  The  portion  of  this 
one  crop  lost  because  of  insect  damage  would,  at  current  market  prices, 
be  sufficient  to  support  20  large  universities,  or  build  2,000  miles  of 
modern,  hard-surfaced  road  each  year.  Control  is  difficult,  on  the  whole, 
because  of  the  extensive  areas  and  the  relatively  low  value  of  the  crop  per 
acre,  which  make  it  necessary  to  depend  mostly  upon  farm  practices  and 
other  indirect  control  measures.  Nevertheless,  many  of  the  insect  pests 
of  corn  can  be  very  effectively  controlled  if  the  best  known  remedies  are 
properly  applied. 

FIELD  KEY  FOR  IDENTIFICATION  OF  INSECTS  INJURING  CORN 

A.  Insects  attacking  the  seed  under  ground;  plants  often  fail  to  come  up: 

1.  Seed  fails  to  sprout  or  makes  a  weak  sprout.  Dirty,  yellowish-white,  legless 
maggots  about  }i  inch  long,  blunt  at  the  posterior  end,  tapering  sharply  to  the  head, 
may  be  found  burrowing  in  the  kernels  of  corn  in  the  ground,  or  in  the  earth  around  the 
kernels.     Seed-corn  maggot,  p.  300. 

2.  Seed  fails  to  sprout  or  plantlet  is  weak.  White,  very  slender  worms  or  larvae, 
slightly  over  x/±  inch  long  when  full-grown,  with  yellowish-brown  head  and  six  short 
legs  burrowing  in  the  kernels  and  sometimes  in  the  sprout.  Pale-striped  flea  beetle, 
p.  302. 

3.  Seed  fails  to  sprout,  or  plant  dies  when  small.  Slick,  shining,  brown  to  reddish- 
brown,  smooth,  hard,  six-legged  worms,  1  to  1>2  inches  long,  boring  through  the 
kernels  and  young  plants.     Wireivorms,  p.  303. 

4.  Seed  does  not  sprout.  Brownish  or  blackish-brown  beetles,  about  H  inch  in 
length,  feeding  in  kernels  of  corn  in  the  ground.  Corn-seed  beetles:  the  darker,  brown- 
striped  one,  Agonoderus  pallipes;  the  uniform  chestnut-brown  one,  Clivina  impressi- 
frons,  p.  305. 

5.  Seed  produces  a  weak  sickly  sprout.  Starchy  parts  of  kernel  eaten  out  and 
scattered  through  the  ground  by  very  small,  orange-colored  ants.  Thief  ant  or  fire 
ant,  p.  306. 

B.  Insects  attacking  the  roots: 

1.  Plantlet  weak,  reddish  to  yellowish  in  color.  Small  brown  ants  tunneling 
the  ground  along  the  corn  roots,  and  sometimes  feeding  on  the  starchy  parts  of  the 
kernel.  Carrying  about  and  caring  for  small  bluish-green  aphids,  on  the  corn  roots. 
Corn  field  ant,  p.  315. 

2.  Plants  weak,  leaves  reddish  or  yellowish.  Bluish-green  plant  lice  or  aphids, 
about  the  size  of  pin  heads,  sucking  the  sap  from  the  roots;  always  attended  by  ants. 
Corn  root  aphid,  p.  314. 
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8.  Plant  makes  slow  growth,  dies,  and  sometimes  falls  over.  Of  ten  distinct  areae 
in  field  Bhowing  injury.  Roots  eaten  off  clean,  not  tunneled,  by  while,  curved-bodied, 
six-legged  grubs,  from  !  j  to  over  l  inch  long,  wit  b  large  brown  heads  and  distincl  jaws. 
White  grubs,  p.  306. 

4.  Corn  plants  following  clover  sod  arc  stunted,  seldom  reaching  a  height  of  over 
8  or  10  inches.  Plants  wilt  during  hot,  dry  days.  Small,  short,  white,  fat-bodied 
grubs,  not  over  '  s  inch  long  with  light-brown  heads,  gnaw  on  the  roots.  Grubs  hold 
body  in  a  curved  position.     Coase  feeding  during  June.     Grape  colaspis,  p.  313. 

5.  Corn  on  land  which  has  been  in  this  crop  for  one  or  more  years  falls  over  about 
the  time  the  tassels  appear,  frequently  after  a  rain  has  softened  the  ground.  Roots 
eaten  off  or  containing  many,  small,  brown  tunnels  in  which  will  sometimes  be  found 
slender,  whitish  worms  about  }4  incri  l°ng  with  distinct  brown  heads  and  six  short  legs. 
Northern  corn  rootworm,  p.  310. 

6.  Corn  falls  as  in  B,  5,  but  the  injury  is  not  confined  to  old  corn  ground.  Under- 
ground parts  of  stalk  as  well  as  roots  show  tunnels.  Slender  yellowish-white  worms 
having  much  the  same  appearance  as  those  described  under  B,  5,  but  slightly  larger 
and  more  robust.     Southern  corn  rootworm,  p.  311. 

7.  Corn  wilts  and  dies  when  from  1  to  4  feet  high.  Sometimes  falls  over.  Injury 
most  common  to  corn  in  old  sod  ground.  Large,  fleshy,  legless,  whitish  grubs  from 
l/2  to  2  inches  long,  with  the  body  enlarged  just  behind  the  head,  not  curved,  and  with 
strong  brown  jaws.  Corn  -prionus;  see  Eighteenth  Rept.  State  Entomol.,  III.  p.  128, 
1891-1892. 

C.    Insects  attacking  the  leaves  and  stalk  above  ground: 

1.  Corn  leaves  with  irregular  patches  eaten  out,  giving  plant  a  ragged  appearance. 
Often  the  plant  is  entirely  stripped  of  leaves.  Dark-green  worms  up  to  2  inches  in 
length  with  light  stripes  on  the  sides  and  down  the  middle  of  the  back,  feed  usually  at 
night  and  hide  under  clods  or  in  the  heart  of  the  plant  during  the  day.  Skin  when 
seen  through  a  lens  appears  smooth.  Worms  often  moving  into  the  corn  in  large 
numbers  from  nearby  fields  of  grass  or  small  grains.     Army  worm,  p.  318. 

2.  Injury  similar  to  C,  1,  by  worms  which  often  crawl  in  great  numbers  from  field  to 
field.  Distinguished  from  true  army  worms,  under  a  lens,  by  the  greater  length  of 
the  hairs  and  their  more  prominent  black  bases  on  the  smooth  skin,  by  the  prominent 
A  on  the  front  of  the  head  and  by  the  somewhat  different  striping.  Fall  army 
worm,  p.  435. 

3.  Corn  plants  under  1  foot  in  height  cut  off,  mostly  at  night,  below,  at,  or  slightly 
above  the  surface  of  the  ground.  Fat,  well-fed,  smooth-appearing  worms  with  six 
slender  legs  and  five  pairs  of  prolegs,  of  varying  sizes  up  to  2  inches  in  length  and  of 
several  shades  and  markings,  hide  under  the  ground  or  clods  near  the  injured  plants. 
Many  kinds  curl  the  body  when  disturbed.     Cutworms,  p.  321. 

4.  Young  corn  plants  up  to  8  or  12  inches  in  height  eaten  into  or  cut  off  near  the 
surface  of  the  ground.  A  loose  silken  web  containing  many  bits  of  dirt,  leading  to  a 
short,  silk-lined  tunnel  in  the  ground.  Short,  dirty-colored,  brown-spotted,  coarse- 
haired  worms,  from  x/±  to  3^  inch  long,  usually  hidden  in  these  silken  tunnels.  Sod 
webironns,  p.  324. 

5.  Leaves  of  young  corn  with  green  portion  eaten  out,  presenting  a  whitened 
bleached  appearance.  Plant  growth  is  retarded  and  leaves  wilt  and  hang  limp. 
Leaves  covered  with  dull  or  shining  black  or  greenish-black,  small,  jumping  beetles 
from  a  little  smaller  than  a  pinhead,  to  several  times  as  large.     Flea  beetles,  p.  325. 

6.  Leaves  of  plant  ragged  and  sometimes  entirely  eaten  off.  Tips  of  ears  gnawed. 
Fields  presenting  a  ragged  appearance,  bare  stalks  standing  without  leaves.  Grass- 
hoppers, p.  327. 

7.  Flesh-colored  caterpillars  from  %  to  1  inch  long,  with  inconspicuous,  small, 
round,  brown  spots  scattered  over  the  body,  boring  in  all  parts  of  the  stalk,  shank  of 
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ear  and  ear.     Tassels  frequently   broken  off  from  injur}   at  the  base,     M.in\   <;itcr- 
pi liars  often  found  in  one  stalk.     European  corn  borer,  p.  333. 

s.  Corn  stalks,  especially  those  around  margins  of  fields,  bored  during  June  and 
July,  by  very  active,  dark-brown  worms  or  caterpillars,  with  two  white  stripe*  on  cadi 
side,  which  are  broken  for  about  one-fourth  their  length  near  the  middle  of  the  body, 
and  a  continuous  white  stripe  running  down  the  center  of  the  back.  The  caterpillars 
reach  a  length  of  I  '  ■_>  inches.      Common  stalk  borer,  p.  337. 

9.  Stalks  bored  by  slender,  greenish  worms  with  longitudinal  brownish  markings, 
about  \i  inch  long  when  full-grown.  Stalks  become  much  distorted  and  curled  by 
the  early-season  injury.      Most  abundant  in  the  south.      Lesser  corn-stalk  borer ',  p.  338. 

10.  Stalks  bored  throughout  their  length  by  white  worms,  up  to  1  inch  in  length, 
conspicuously  marked  with  rounded  brown  spots;  not  common  in  the  North.  Larger 
corn-stalk  borer,  p.  339. 

11.  Unfolding  corn  leaves  with  rows  of  holes  running  across  the  leaves.  Cavities 
eaten  in  the  sides  of  the  plant  by  black  or  clay-colored  beetles  with  long  slender  snouts 
nearly  one-third  the  length  of  the  body.  Beetles  from  %  to  1  inch  in  length.  Injury 
most  severe  on  newly  drained  or  sod  land.     Grass  or  rush  billbugs,  p.  340. 

12.  Injury  same  as  C,  11,  but  most  severe  on  old  corn  ground.  In  addition  to 
the  injury  by  the  beetles,  white,  legless,  fat-bodied  grubs  with  light-brown  heads, 
burrow-  inside  the  stalk.      Maize  or  corn  billbug,  p.  342. 

13.  Leaves  of  the  corn  plant  covered  with  masses  of  bluish-green  plant  lice  or 
aphids,  most  abundant  in  the  curl  of  the  plant  and  on  the  developing  tassel.  Infested 
plants  scattered  over  the  field.      Corn  leaf  aphid,  p.  344. 

14.  Corn  wilting,  drying  out,  and  falling  down,  on  the  side  of  the  field  next  to  small 
grains.  Small,  active,  reddish  or  black-and-white  sucking  bugs  clustered  behind  the 
lower  leaves  and  over  the  entire  lower  part  of  the  stalk;  when  crushed,  giving  off  a 
vile  odor.  Fields  invaded  by  hordes  of  these  insects  at  the  time  of  small-grain  harvest. 
Chinch  bug,  p.  344. 

I).   Insects  attacking  the  ear: 

1.  Silk  fouled  with  moist  masses  of  excreta,  many  of  the  silks  cut  off;  kernels  at  the 
tip  of  the  ear  eaten  by  large  worms  varying  in  color  from  very  dark  green  to  light 
green.  Bodies  of  the  worms  sparsely  haired,  skin  rough-appearing  under  a  lens. 
Worms  nearly  1;*4  inches  long  when  full-grown  and  usually  only  one  to  the  ear.  Occa- 
sionally the  worms  enter  at  the  butt  of  the  ear,  but  usually  at  the  tip.  They  do 
not  tunnel  into  the  cob.     Corn  ear  worm,  p.  350. 

2.  The  ear,  its  cob  and  shank  tunneled  throughout  and  many  of  the  kernels  and 
the  silk  eaten  by  flesh-colored,  inconspicuously  spotted  caterpillars  up  to  1  inch  long. 
Many  worms  often  found  in  one  ear.  Husks  perforated  with  small  holes  with  exuding 
frass.     European  corn  borer,  pp.  333  and  353. 

3.  Clusters  of  dark-green  beetles  about  }£  inch  long  by  li  inch  across,  feeding  on 
silks  and  husks,  especially  at  the  tip  of  the  ear.  Wing  covers  of  the  beetles  shining. 
Four  prominent  white  spots  on  the  tip  of  the  abdomen,  which  projects  from  under  the 
greenish-brown  wing  covers.     Japanese  beetle,  p.  353. 

General  References. — Eighteenth  and  Twenty-third  Repts.,  State  Entomol.,  III., 
1891-1892  and  1905. 

Seed-corn  Maggot1 

Importance  and  Type  of  Injury. — The  seed  infested  by  the  seed-corn 
maggot  usually  fails  to  sprout,  or,  if  it  does  sprout,  the  plant  is  weak  and 
sickly.     The  pale-to-dirty-colored,  yellowish-white  maggots   (Fig.    186) 

1Hylemyia  cilicrura  Rondani,  Order  Diptera,  Family  Anthomyiidae. 
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will  bo  found  burrowing  in   the  seed.      Injury  is  usually   most    severe   in 
Wet,  cold  seasons  and  oil  land  rich  in  organic  mailer. 

Plants  Attacked.     Corn,  beans,  peas,  cabbage,  turnip,  heeis,  radish, 
seed  potatoes,  and  several  others. 

Distribution. — This  species  is  widely  distributed  in   Europe.      It   was 

first   found  in  this  country  in  185(),  in  New  York.      It  has  now  spread 
over  Dearly  the  entire  United  States  and  southern  Canada. 


FlO.    186. — Larva    of  the  seed-corn  maggot,   Hylemyia  cilicrura  Rondani,  side  view,  eight 
times  natural  size.      (From  III.  State  A'at.  Hist.  Sur.) 

Life  History,  Appearance,  and  Habits. — The  winter  is  probably  passed 
in  the  soil  of  infested  fields  in  the  maggot  stage  inside  of  a  dark-brown 
capsule-like  puparium  about  }£  inch  long.  The  flies  (Fig.  187),  which 
are  grayish-brown  in  color  and  about  }£  inch  long,  are  abroad  in  the 


Fig.  187. — Adult  of  the  seed-corn  maggot,  Hylemyia  cilicrura  Rondani,  eight  times  natural 

size.      {From  III.  State  Xat.  Hist.  Sur.) 


fields  early  in  May  in  the  latitude  of  central  Illinois.  They  deposit 
their  eggs  in  the  soil  where  there  is  an  abundance  of  decaying  vegetable 
matter  or  on  the  seed  or  plantlet.  The  maggots  burrow  in  the  seed, 
often  destroying  the  germ.  When  full-grown,  they  are  of  a  yellowish- 
white  color,  about  ^  inch  long,  sharply  pointed  at  the  head  end,  legless, 
and  very  tough-skinned.  They  change  to  the  pupal  stage  inside  the 
brown  puparium  in  the  soil,  and  in  from  12  to  15  days  emerge  as  adults. 
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The  number  of  generations  is  not  known,  hut  there  are  probably  from 

three  to  five  each  season  throughout  the  coin  belt. 

Control  Measures. — No  effective  practical  control  is  known.  Plant- 
ing in  a  well-prepared  seedbed,  sufficiently  Late  to  gel  ;t  quick  germination 

of  the  seed,  is  probably  the  best  means  of  preventing  injury.  Land  thai 
is  heavily  manured,  or  where  a  cover  crop  is  turned  under,  should  be 
plowed  early  in  the  fall  if  possible,  so  it  will  be  less  attractive  to  the  egg- 
laying  flies,  the  following  spring. 

References. —  U.  S.  Dept.  Agr.,  Division  Entomology,  Bull.  33,  n.  s.,  pp.  84-92, 
1902;  N.  Y.  {Cornell)  Agr.  Exp.  Sta.  Memoir  55,  1922. 

Pale-striped  Flea  Beetle1 

Importance  and  Type  of  Injury. — Corn  seed  attacked  by  the  larva  of 
this  flea  beetle  often  fails  to  sprout  or  produces  a  pale,  weak  plant.  If 
the  seed  is  examined,  it  will  be  found  to  be  injured  by  very  slender  white 
worms,  a  little  over  34  inch  long,  with  light-brown  heads,  six  very  short 


FlG.    INS. — Larva  of   the   pale-striped   flea   beetle,    Systena  t(rniata  hlanda    (Melsheimer), 
dorsal  view,  about  15  times  natural  size.      (From  III.  State  Xat.  Hist.  Sur.) 

legs,  and  the  body  tapering  slightly  towards  the  head  (Fig.  188).  Injury 
is  usually  most  serious  during  periods  of  cool  weather,  which  retards  the 
germination  of  the  seed  after  planting. 

Plants  Attacked. — The  adults  of  this  species  have  been  found  feeding 
on  a  great  variety  of  cultivated  plants  and  weeds,  including  watermelon, 
pumpkin,  pea,  bean,  eggplant,  potato,  sweet  potato,  pigweed,  lamb's 
quarters,  purslane,  ragweed,  cocklebur,  wild  sunflower,  alfalfa,  and 
many  others.  Lamb's  quarters  and  shepherd's  purse  seem  to  be  pre- 
ferred by  the  larvae. 

Distribution. — This  species  is  distributed  generally  over  temperate 
North  America.     It  is  probably  a  native  species. 

Life  History,  Appearance,  and  Habits. — The  winter  stage  is  not 
known,  but  the  insect  probably  hibernates  as  an  adult  or  pupa.  The 
adult  beetles  (Fig.  189)  are  about  }£  inch  in  length,  with  the  margins  of 
each  wing  cover  pale  brown  to  nearly  black  and  with  a  broad,  median, 
white  stripe.  The  legs  are  dull  red.  The  beetles  appear  by  May  1  in 
the  southern  part  of  the  corn  belt.     Larvae  will  often  be  found  on  the 

1  Systena  tceniata  blanda  (Melsheimer),  Order  Coleoptera,  Family  Chrysomelida). 
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through    the    kernel,   often 

owth.  The  Larval  period 
judging  from  the  time  of 
about  I  month.  There  is 
latitude  of  central  Illinois. 


earliest-planted  corn  *vi^\.     The  larva  bore 
destroying  the  germ  and  thus  preventing  gi 

has   not    beeu   definitely   worked   out,   but   is, 

appearance  of  the  first  adults  in  the  summer, 
probably  one  complete  generation  a  year  in  the 
Control  Measures, — The  damage  by  this 
insect  has  been  most  severe  in  fields  which 
were  weedy  tin*  previous  season.  Keeping 
down  weeds  will  help  in  preventing  damage 
the  next  season.  Early  plowing  and  late 
planting  of  corn  fields  is  also  of  value.  These 
measures  will  starve  out  many  of  the  larva 
in  the  soil  before  the  corn  is  planted.  Prob- 
ably the  most  effective  measure  of  control  is 
planting  good  seed  sufficiently  late  so  that 
the  corn  wrill  make  a  quick,  strong  growth,  and 
the  seed  will  not  lie  in  the  soil  long  enough  to 
be  seriously  damaged  by  the  larvae. 

References. — Twenty-third  Rept.  State  Entomol.  III., 
p.  107,  1905;  N.  Y.  {Cornell)  Agr.  Exp.  Sta.  Memoir 
55,  1922. 

Wire  worms1 

Importance  and  Type  of  Injury. — Corn  that  is  attacked  by  wire  worms 
soon  after  the  seed  is  planted  seldom  germinates,  as  the  holes  eaten  by 
the  worms  nearly  destroy  the  kernel.  The  seeds  may  germinate  and  the 
young  plant  be  attacked  by  the  worm,  which  often  bores  through  the 


Fig.  189. — Adult  of  the  pale- 
striped  flea  beetle,  Systena 
tceniata  blanda  (Melsheimer), 
about  ten  times  natural  size. 
(From  III.  State  Nat.  Hist.  Sur.) 


V]c.   190. — Larva  of  the  corn  wireworm,   Melanotus  cribulosus   (Leconte),  about  3  times 
natural  size.      (From  III.  State  Nat.  Hist.  Sur.) 

underground  part  of  the  stalk  and  causes  the  plantlet  to  die.  The  wire- 
worm  larva?  (Fig.  190)  are  usually  hard,  dark-brown,  smooth,  wire-like 
worms,  varying  from  ^"2  to  1J^  inches  in  length  when  grown.  Some 
species  are  soft,  and  white  or  yellowish  in  color.  Their  injuries  are 
usually  most  severe  to  corn  planted  on  sod  ground,  or  the  second  year 
from  sod. 

Plants  Attacked. — Wireworms  attack  nearly  all  crops  belonging  to  the 
grass  family  and  many  other  plants;  including  corn,  wheat,  clovers,  beans, 
potatoes,  and  beets. 

1  Many  species  of  the  Order  Coleoptera,  Family  Elaterida'. 


304 


DESTRUCTH  E  AND   I   -/■/  i  I    INSECTS 


Distribution .     Throughout  North  America,  and  most  of  the  world. 
Life  History,   Appearance,  <m<l   Habits.     There  are   many   different 

species  of  wireworms  that  attack  our  cultivated  crops,  including  corn. 

The  winter  is  passed  mainly  in  the  larval 
and  adult  stages  in  the  ground.  In  the 
early  spring,  the  adults  (Fig.  191)  become 
active  and  fly  about,  some  species  being 
strongly  at  t  racted  to  sweets;  and  these  can 
be  taken  in  large  numbers  by  placing  a  few- 
drops  of  syrup  on  the  tops  of  fence  posts 
or  other  exposed  places  out-of-doors. 
They  are  "  hard-shelled,"  usually  brownish, 
grayish,  or  nearly  black  in  color,  somewhat 
elongated,  with  the  body  tapering  more  or 
less  towards  each  end.  The  head  and 
thorax  fit  closely  against  the  wing  covers, 
which  protect  the  back  of  the  abdomen. 
The  joint  just  in  front  of  the  wing  covers  is 
loose  and  flexible,  and  when  the  beetles  are 
placed  or  fall  on  their  backs,  they  flip  the 
middle  part  of  the  body  against  the  ground 
in  such  a  manner  as  to  throw  themselves 
several  inches  into  the  air.  The  chances 
of  their  alighting  on  their  feet  seem  to  be 

about  fifty-fifty;  but  they  will  generally  keep  trying  until  they  come  down 

right  side  up,  when  they  make  use  of  their  legs  to  escape.     This  habit  has 

afforded   amusement   to   most   country  boys 

and  girls,  and  has  given  the  insects  such  names 

as  click-beetles,  snapping  beetles,  and  skip- 
jacks.    The  females  of.  the  species  that  are 

most  injurious  to  corn,  lay  their  eggs  mainly 

in  the  soil  around  the  roots  of  grasses.     The 

larvae  hatching  from  these  eggs  spend  from  2 

to  6  years  in  the  soil  feeding  on  the  roots  of 

grasses  and  other  plants.     The  last  segment  of 

the  larva  is  usually  characteristically  orna- 
mented  and   serves   to   distinguish    different 

species  during  this  stage   (Fig.    192).     Most 

species  change  to  the  pupa,  and  later  to  the 

adult  stage,  in  cells  in  the  ground,  during  the 

late  summer  or  fall  of  the  year  in  which  they  become  full-grown.     The 

adults,  which  are  commonly  about  }4  inch  long,  remain  in  the  soil  until 

the  following  spring. 


Fig.  191.— A  click  beetle,  adult  of 
the  wireworm,  Melanotus  fissilis 
(Say),  about  5  times  natural  size. 
(From  III.  State  Nat.  Hint.  Sur.) 


Fig.  192. — Terminal  segment 
of  larva  of  a  wireworm, 
Drasterius  elegans  Fabricius, 
much  enlarged.  (From  III. 
State  Xat.  Hist.  Sur.) 
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Control  Measures.     There  are  n<»  satisfactory  control  measures  known 
that  can  be  applied  to  infested  fields  to  rid  them  of  wireworms.     Late 

BUmmer  or  fall  plowing  is  of  sonic  value  in  killing  the  pupa'  and  adults 
by  breaking  up  their  cells  in  the  soil.  Rotations  that  will  permit  the 
growing  of  small  grains  or  legumes  on  second-year  sod  also  help  in  lessen- 
ing the  damage  by  these  insects,  as  the  percentage  of  such  plants  killed 
by  them  is  not  large  enough  seriously  to  affect  the  yield  of  these  crops. 
Certain  species  of  wireworms  are  abundant  only  in  poorly  drained  soils. 
The  proper  draining  of  such  soils  will  entirely  prevent  damage  by  these 
species.  Extensive  experiments  carried  on  at  a  number  of  different  points 
to  develop  a  treatment  for  seed  corn  that  would  prevent  wireworm 
injury  have  failed  in  showing  any  practical  method  by  which  this  can  be 
done.      (See  also  p.  432.) 

References.— U.  S.   Dept.  Agr.  Farmer*'  Bulls.  725,   1916  and  733,   1916;  Dom. 
Canada,  Dept.  Agr.  Pamphlet  33,  n.  s.,  1923. 


Corn-seed  Beetles1-2 

Importance  and  Type  of  Injury. — Sometimes  when  corn  seed  fails  to 
sprout,  an  examination  of  the  kernels  wrill  show  dark-brown,  striped,1  or 
nearly  chestnut-brown2  beetles  about  34  to  Jl$  inch  long  eating  out  the 
contents  (Fig.  193).  This  injury  seldom  occurs  except  where  seed  of  low 
vitality  has  been  used,  or  when  cold  weather  has  greatly  delayed 
germination. 


Fig.    193.- — Adult   of  the    corn-seed  beetle,   Agonoderus  pallipes  Fabricius,   and  injury  to 
kernel.      Line  indicates  natural  size.      (From  III.  Statt   Nat.  Hist.  Sur.) 

Plants  Attacked. — These  two  beetles  are  mainly  feeders  on  insects,  or 
insect  remains,  and  only  rarely  attack  seeds. 

Distribution. — The  greater  part  of  the  United  States  and  Canada. 

Life  History,  Appearance,  and  If  obits. — The  life  history  of  these 
beetles  is  not  known.  They  probably  pass  the  winter  in  the  adult  stage. 
as  they  are  abroad  very  early  in  the  spring.  They  may  often  be  seen  in 
large  numbers  at  electric  lights. 

1  Agonoderus  pallipes  Fabricius,  Order  Coleoptcm.  Family  Carabide. 

1  Clivina  impressifrons  Leconte,  Order  Coleoptera,  Family  Carabids. 
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Control  Measures,     Planting  sufficiently  late  to  insure  quick  germina- 
tion of  the  corn  seed,  and  Using  seed  of  good  vitality  is  the  best  method  of 

overcoming  the  damage  caused  by  these  insects. 

Reference. — Eighteenth  Kept.  State  Entomol.  III.,  p.  11,  1891-1892. 


Thief  Ant1 

Importance  and  Tape  of  Injur//.  —  An  examination  of  a  corn  kernel  that  has  failed 
to  sprout,  or  that  has  produced  a  weak  plant,  will  sometimes  show  many  little  starch 
grains  scattered  through  the  soil  about  the  kernels  and  the  entire  inside  of  the  seed 
hollowed  out.  Frequently  very  small,  orange-red  ants  will  be  found  actively  working 
in  the  kernels  (Fig.  194). 

Plants  Attacked. — Seeds  of  corn,  sorghum,  millet,  and  probably  other  plants. 
Distribution. — General  throughout  North  America. 

Life  History,  Appearance,  and  Habits. — The  winter  is 
passed  in  all  stages  of  development  in  nests  in  the  soil. 
These  nests  are  often  made  in  the  walls  of  the  nests  of 
Larger  species  of  ants.  The  workers  of  this  small  species 
obtain  a  part  of  their  food  by  preying  upon  the  helpless 
larva'  and  pupa?  of  the  larger  species.  This  has  given 
them  their  common  name  of  thief  ant.  The  workers  of 
this  species  are  about  3^o  inch  long,  of  an  orange-yellow 
~*&      /Jyt\^    %i^         color.     The   males   are   slightly   larger  and   black.      The 

females,  or  queens,  are  brown  and  very  much  larger,  being 
about  34  inch  long.  Certain  other  species  of  ants  rarely 
cause  similar  injury. 

Control  Measures. — The  seed  treatments  that  have 
been  used  for  preventing  injuries  by  these  ants  have  not 
proved  of  much  value.  The  best  method  of  preventing 
their  injuries  is  thorough  cultivation  of  the  soil  before 
planting.  This  will  break  up  their  nests  and  scatter  the 
young,  and  so  greatly  reduce  their  numbers  in  the  field. 
Surface    planting    aids    in    control. 

Reference.— III.  Agr.  Exp.  Sta.  Bull,  44,  p.  214,  1896. 

White  Grubs  or  June  Beetles2 

Importance  and  Type  of  Injury. — When  fields  infested  with  white 
grubs  are  planted  to  corn,  the  corn  usually  comes  up  but  the  plants  cease 
growing  after  reaching  a  height  of  from  8  inches  to  2  feet.  The  corn  will 
show  a  patchy  growth  with  varying  sized  areas  in  the  field  where  the 
plants  are  dead  or  dying.  If  the  injured  plants  are  pulled  up,  the  roots 
will  be  found  to  have  been  eaten  off,  and  from  one  to  as  many  as  200, 
white,  curved-bodied  grubs,  from  }>i  to  over  1  inch  in  length,  will  be 
found  in  the  soil  about  the  roots.  The  grubs  (Fig.  195,  lower  figure)  are 
white  with  brown  heads  arid  six  prominent  legs.  The  hind  part  of  the 
body  is  smooth  and  shiny,  with  dark  body  contents  showing  through 
the  skin.     Injury  is  usually  most  severe  to  crops  following  sod. 

1  Solenopsis  molesta  Say,  Order  Hymenoptera,  Family  Formicidae. 

2  Phi/llophaga  or  Lachnosterna  spp.,  Order  Coleoptera,  Family  Scarabapidae. 


Fio.  194. — Worker  of  the 
thief  ant,  Solenopsis  molesta 
Say,  about  twenty-five  times 
natural  size.  (From  III. 
State  Nat.  Hist.  Sur.) 
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Plants  Attached.    All  grasses  and  graii]  crops;  potatoes,  beans,  straw- 
berries and  Dearly  all  cultivated  crops. 
Distribution.      World-wide. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 

soil  in  both  the  larval  and  adult  stages.     In  the  spring  after  the  trees 


Fig.  19.5. — Life  Btagee  of  a  white  trrub,  Phyllophaga  rvgosa  (Melsheimer).     Above,  pupa; 
at  left,  egg;  at  center,  adult;  below,  larva.      (From  III.  State  Nat.  Hist.  Sur.) 

have  put  forth  leaves,  the  adults  (Fig.  195,  center)  become  active,  fly  about 
during  the  night,  and  feed  on  the  foliage  of  trees  and  the  Leaves  of  some 
other  plants.  They  leave  the  soil  just  a!  dusk  and  remain  on  the  trees 
during  the  night,  mating  and  feeding.     At  the  first  streaks  of  dawn,  they 
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return  to  the  soil,  where  the  females  lay  their  pearly-white  eggs  (Fig. 
195,  left)  from  one  to  several  inches  below  the  surface.      While  the  beetle! 

may  be  moving  at  dusk  from  the  soil  to  the  trees  for  an  hour  or  more,  the 
return  to  the  soil  at  dawn  takes  place  very  rapidly.  It  frequently  will 
not  be  over  10  minutes  from  the  time  the  first  beetle  leaves  the  trees 
until  they  have  all  disappeared.  The  eggs  are  generally  laid  in  grass 
lands,  or  patches  of  grassy  weeds  in  cultivated  fields.  They  hatch  in 
2  or  3  weeks,  and  the  young  grubs  feed  on  the  roots  and  underground 
parts  of  plants  until  early  fall,  when  they  are  about  Yi  inch  long.  They 
then  work  their  way  down  in  the  soil  usually  below  the  frost  line,  and 
have  been  taken  5  feet  below  the  surface. 

As  the  soil  warms  in  the  spring,  they  work  upward  and,  by  the  time 
plant  growth  is  well  started,  they  are  feeding  a  few  inches  below  the 
surface.  Feeding  continues  throughout  the  season,  and  on  the  approach 
of  cold  weather,  they  again  go  deep  into  the  soil,  where  the  second  winter 
is  passed,  the  grubs  then  being  about  1  inch  long.  The  third  season  they 
come  up  near  the  surface  of  the  ground  and  feed  until  late  spring  or  early 
summer,  and  then  change  to  the  pupal  stage  (Fig.  195,  upper  figure)  in  cells 
in  the  earth  about  6  or  8  inches  below  the  surface.  During  the  latter  part 
of  the  summer,  they  change  to  the  adult  beetle,  but  do  not  leave  the  soil 
until  the  following  spring.  There  may  be  some  movement  of  the  beetles 
downward  to  below  the  line  of  severe  freezing.  The  over-wintering 
population  of  white  grubs,  therefore,  consists  of  adults  that  have 
not  yet  taken  flight  from  the  soil  and  of  larvae  usually  of  two  distinct 
sizes,  the  smaller  about  9  months,  and  the  larger  about  1  year  and  9 
months   old. 

The  adults  are  the  well-known,  brown,  or  brownish-black  June 
beetles,  May  beetles,  or  daw  bugs.  A  very  large  number  of  species  are 
known.  They  vary  somewhat  in  their  life  history,  some  completing 
their  growth  in  1  year,  while  others  require  as  much  as  4  years.  The  3- 
year  life  cycle  is  by  far  the  most  common.  There  are  several  other  closely 
related  beetles  that  attack  corn,  the  grubs  differing  somewhat  in  structure 
but  having  the  same  general  appearance.  There  are  also  a  number  of 
grubs,  very  similar  in  appearance,  which  occur  in  the  soil  and  manure, 
but  which  eat  only  decaying  vegetable  matter,  and  do  not  feed  on  the 
living  roots  of  plants.  These  lack  the  double  row  of  spines  on  the  under 
side  of  the  last  body  segment  which  is  characteristic  of  the  true  white 
grubs. 

Control  Measures. — Land  heavily  infested  by  white  grubs  should  not 
be  planted  to  corn,  potatoes,  strawberries,  or  other  seriously  injured  crops. 
Legumes,  or  small  grains,  will  be  much  less  severely  injured.  Early  fall 
plowing  will  be  of  some  value  in  killing  the  grubs  if  done  before  they  have 
worked  their  way  below  the  plow  line.  This  kills  the  grubs  by  crushing 
them  in  the  soil  and  by  exposing  them  to  birds. 
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One  of  the  best  ways  of  cleaning  grubs  out  <>f  fields  is  to  pasture  t  Ji«* 
land  with  hogs.  This  may  best  be  done  during  the  late  summer  and 
early  fall,  Where  unringed  hogs  are  allowed  bo  run  on  heavily  infested 
land,  they  will  nearly  free  it  of  grubs.  If  this  is  done  during  t  he  first  year 
of  the  grubs1  life,  most  of  the  damage  by  these  insects  may  be  prevented. 
('are  must  be  taken  in  pasturing  hogs  on  grub-infested  land,  as  the  white 
grub  is  the  intermediate  host  of  the  giant  thorn-headed  worm,  one  of  the 
intestinal  parasites  of  hogs.  Hogs  that  are  to  be  marketed  within  a  few 
months  can  be  used  without  danger  of  injury,  but  breeding  stock  should 
not  be  used  if  hogs  have  had  the  run  of  the  same  land  within  the  past  3 
years. 


Fig.  196. — A  badly  injured  pasture  sod;  the  blue-grass  roots  have  been  entirely  eaten 
off  by  white  grubs,  permitting  the  rolling  back  of  the  sod  like  a  carpet,  to  expose  the  grubs. 
(From  III.  State  Xat.  Hid.  Sur.) 


While  white  grubs  are  troublesome  every  year,  the  most  severe  injury 
occurs  in  regular  3-year  cycles.  These  years  of  severe  damage  correspond 
to  the  second  year  in  the  development  of  the  main  brood  of  white  grubs. 
This  will  be  the  year  after  that  in  which  heavy  flights  of  beetles  occur. 
Throughout  the  eastern  part  of  the  United  States,  the  years  of  most 
severe  damage,  as  shown  by  Davis,  will  be  1930,  1933,  1936,  and  each 
third  year  thereafter.  During  these  years,  or  any  year  following  a 
heavy  flight  of  May  beetles,  one  should  avoid  planting  corn  on  sod  land 
and  other  land  that  has  been  covered  with  a  grassy  growth  during  the 
time  of  the  beetle  flight. 

The  grass  crops  (Fig.  190)  are  much  more  severely  injured  by  white 
grubs  than  are  legumes — soybeans  being  perhaps  the  least  damaged  of 
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:tn\  of  our  field  crops.  The  beetles  will  not,  as  a  rule,  lay  their  eggs  in 
fields  of  clover  or  alfalfa,  but  will  sometimes  do  so  when  there  is  a  con- 
siderable growth  of  grass  in  such  fields.  Corn  planted  on  clover  or 
alfalfa  sod  following  years  of  heavy  beetle  flights  will  usually  escape 
injury.  Fields  that  were  in  clean-cultivated  row  crops  during  the  heavy 
beetle  Mights,  can  usually  be  safely  planted  to  corn  the  following  spring. 
The  white  grubs  in  the  soil  are  attacked  by  several  insect  parasites, 
especially  certain  wasps  that  often  become  sufficiently  abundant  to 
greatly  reduce  their  numbers.  Birds,  especially  crows  and  blackbirds, 
pick  many  of  the  grubs  out  of  the  soil  of  grass  lands  and  blackbirds  will 
often  follow  the  plow  in  infested  fields  picking  up  the  grubs  as  they  are 
turned  out  in  the  furrow. 

References.— III.  Agr.  Exp.  Sta.  Bulls.  116,  1907;  186,  1916;  and  187,  1916;  U.S. 
Dept.  Agr.  Farmers    Bull.  940,  1918. 

Northern  Corn  Rootworm1 

Importance  and  Type  of  Injur//. — Corn  makes  a  slow  growth,  this 
checking  of  growth  being  most  noticeable  about  the  time  the  tassel 
appears.  Plants  are  undersized  and  frequently  fall  over  after  a  heavy 
rain.  Small  roots  are  eaten  off  and  larger  roots  tunnelled  by  thread-like, 
white  worms  about  V^  inch  long  (Fig.  197)  with  yellowish-brown  heads, 


Fig.  197. — Northern  corn  rootworm,  Diabrotica  longicornis  Say,  larva,  five  times  natural 

size.      (From  III.  State  Nat.  Hist.  Sur.) 

and  six  small  legs  on  the  fore  part  of  the  body.  The  skin  of  the  body  is 
somewhat  wrinkled.  This  is  perhaps  the  most  important  corn  pest  in 
the  upper  Mississippi  Valley.  The  insects  are  so  numerous  that  fields 
are  practically  sure  to  be  heavily  infested  by  the  end  of  the  second  year  in 
corn. 

Plants  Attacked. — The  larvae  attack  only  corn,  so  far  as  known.  The 
adults  feed  on  a  large  number  of  plants  that  flower  in  summer  and  early 
fall. 

Distribution. — The  insect  occurs  in  greatest  abundance  in  the  north 
part  of  the  Mississippi  Valley.  It  is  not  injurious  in  the  southern  states, 
and  occurs  in  small  numbers  east  of  New  York,  and  west  of  Kansas  and 
Nebraska. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  only  in 
the  egg  stage.  The  eggs  are  deposited  in  the  fall  in  the  ground  around  the 
roots  of  corn,  and  in  no  other  known  situation.     They  hatch  rather  late 

1  Diabrotica  longicornis  Say,  Order  Coleoptera,  Family  Chrysomelida*. 
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in  t  he  Bpring  and  I  he  larvae  work  ( hrough  the  ground  until  they  encounter 

the  roots  of  corn;  failing  to  do  this,   (hey  die      They  are  not    known   to 

feed  on  any  other  plant,  although  probably  they  do  feed  to  a  Blight 
extent  on  some  native  grasses.  The  worms  burrow  through  the  roots, 
making  small  brown  tunnels.  They  become  full-grown  during  .Inly, 
leave  the  roots,  and  pupate  in  cells  in  the  soil,  the  puna  being  pure  white 
and  very  soft.  The  adult  stage  (Fig.  198)  is  reached  during  the  latter 
part  of  July  and  August.  The  beetles  leave  the  soil  and  feed  on  the  silk 
of  corn,  and  the  pollen  of  this  and  many  other  plants.     The  eggs  are 


Fi< 


108. — Adult  of  northern  corn  rootworm,  Diabrotica  longicorni.s  Say,  about  ten  times 
natural  size.      (From  III.  State  Xat.  Hint.  Sur.) 


deposited  during  September  and  October  and  nearly  all  of  the  beetles  die 
at  the  time  of  the  first  heavy  frost.  They  are  about  %  to  Y±  inch  long, 
of  a  uniform  greenish  to  yellowish-green,  and  are  very  active,  tumbling 
off  the  flowers  or  out  of  the  corn  silk  when  disturbed. 

Control  Measures. — As  the  eggs  are  laid  only  in  corn  fields  and  the 
larvse  feed,  so  far  as  known,  only  on  the  roots  of  this  plant,  rotation  that 
will  put  any  crop  other  than  corn  on  the  land  for  a  period  of  1  year  will 
effectively  clean  out  these  insects. 

References. — Eighteenth  Rept.  State  Entomol.  III.,  p.  135,  1891-1892;  III.  Agr.  Exp. 
Sta.  Bull.  44,  1896. 


Spotted  Cucumber  Beetle  or  Southern  Corn  Rootw^orm1 

Importance  and  Type  of  Injury. — Corn  fields  infested  with  this 
insect  start  growth  in  a  normal  way,  and  the  plant  begins  to  show  the 
effect  of  the  infestation  when  from  8  to  20  inches  tall  in  1  he  North,  or 
much  earlier  in  the  South.     From  then  on,  the  plant  makes  a  very  poor 

1  Diabrotica  dttodecimpunctata  I  Fabricius),  ( trder  ( Joleoptera,  Family  ( Ihrysomelidse. 
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growth,  or  none  at  all,  and  frequently  dies.  Sometimes  the  In-art  of  tin 
plant  is  killed  by  the  larvae,  the  lower  Leaves  remaining  green.     As  vrhei 

attacked  by  the  Hurt  hern  corn  root  worm,  the  Larger  plants  will  fall  aftei 
heavy  rains.  Examination  of  the  plants  will  show  the  root-  tunnelfo 
and  eaten  off  by  larvffi  about  j^  to  '}±  inch  in  length,  with  yellowish 
white,    somewhat    wrinkled    bodies,   six   very   small   legs,    and   brownisl 


Fig.  199.-  Larva  of  the  spotted  cucumber  beetle  or  southern  corn  rootworm,  Dtabrotict 
duodecimpundata  (Fabricius),  about  five  times  natural  size.  (From  III.  State  Nat.  Hi ■■/ 
Sur.) 

heads  (Fig.  199).     In  addition  to  the  injury  to  the  roots,  the  lower  part  ol 
the  stalk  will  usually  be  bored  through  by  the  grubs. 

Plants  Attacked. — This  insect  has  been  taken  from  a  very  large  num 
ber  of  plants,  including  more  than  200  of  the  common  weeds,  grasses,  am 
cultivated  crops.     It  goes  by  several  names,  according  to  the  food  plants 

and  is  perhaps  best  known  as  the  twelve-spot  te< 
cucumber  beetle.  It  is  also  frequently  callec 
the  overflow  worm,  and  the  bud  worm. 

Distribution. — The  insect  is  widely  distrib- 
uted, occurring  over  the  greater  part  of  the 
United  States  east  of  the  Rocky  Mountains 
in  Southern  Canada  and  in  Mexico.  It  i; 
more  abundant  and  destructive  in  the  southen 
part  of  its  range.  The  variety  tenella  extend:} 
into  New  Mexico,  Arizona  and  California. 

Life  History,  Appearance,  and  Habits. — Thi 
insect  passes  the  winter  in  the  form  of  a  yel 
lowish  or  yellowish-green  beetle  about  J^  incl 
long,  with  12  conspicuous  black  spots  on  th( 
wing  covers  (Fig.  200).  The  head  is  black,  anc 
the  antennae,  which  are  about  one-half  to  two 
thirds  as  long  as  the  body,  are  dark  or  nearb 
black.  The  beetles  hibernate  in  nearly  an>| 
kind  of  shelter,  but  seem  to  prefer  the  bases  o 
plants  which  are  not  entirely  killed  down  by  th< 
frost.  They  become  active  very  early  in  the  spring,  flying  about  during 
the  first  days  when  the  temperature  reaches  70°  F.  or  above.  The  female 
deposit  their  eggs  in  the  ground  around  the  bases  of  plants.  The  youn 
larva'  on  hatching  bore  in  the  roots  of  plants  and  the  underground  part* 
of  the  stem.  They  become  full-grown  during  July.  The  insect  has  tw< 
generations  in  the  southern  part  of  its  range  and  at  least  a  partial  secon 
generation  is  produced  in  the  North. 


Fig.    200.— Adult,    spotted 

cucumber  beetle,  Diabrotica 
duodecimpundata  ( Fabricius) , 
about  six  times  natural  size. 
(From  III.  State  Nat.  Hist. 
Sur.) 
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Control  Measures. — It.  is  extremely  difficult  to  prevent  damage  to 
corn  by  these  insects,  as  the  eggs  are  frequently  laid  in  the  fields  after  the 

corn  is  up,  and  there  18  QO  method  by  which  infested  soil  can  be  cleaned 

of  the  LarvflB.  About  the  most  effective  method  is  late  planting  on  land 
which  has  been  plowed  early  in  the  spring  or  in  the  fall,  and  cultivated 
before  planting,  so  that  all  vegetation  has  been  kept  down.  In  certain 
seasons  when  the  beetles  have  been  very  abundant,  fields  handled  in  this 
way  have  been  practically  the  only  ones  to  escape  injury.  Rotation  of 
crops  is  of  no  value  in  controlling  this  species.  The  injury  is  usually 
most  severe  during  wet  years,  or  the  first  season  following  wet  years,  and 
is  also  often  serious  on  land  that  has  been  overflowed  during  floods,  or  in 
drainage  areas  along  the  rivers  where  levees  have  broken.  This  may  be 
due  to  the  female  beetles'  preferring  such  a  situation  in  which  to  lay  their 
eggs,  or  to  the  fact  that  they  are  attracted  to  the  rank  vegetation  which 
generally  follows  an  overflow. 

References.— U.  S.  Dept.  Agr.  Farmers'  Bull.  950,  1918;  S.  Car.  Agr.  Exp.  Sta.  Bull. 
161;  Eighteenth  Rept.  State  Entomol.  Ill,  p.  129,  1891-1892. 

Grape  Colaspis1 

Importance  and  Type  of  Injury. — Corn  that  has  been  planted  on  clover  sod  will 
sometimes  wilt  when  the  plants  are  about  6  to  10  inches  high.  The  plants  may  die, 
or  merely  he  greatly  retarded  in  growth.  An  examination  of  the  roots  and  soil  about 
them  will  show  numerous,  curved,  fat-bodied,  very  short-legged  grubs  from  %  to 


Fig.  201. — Larva  of  the  grape  colaspis,  Colaspis  brunnca  (Fabrieius),  about  fifteen  times 
natural  size.      (From  III.  State  Nat.  Hist.  Sur.) 

1 ,,  of  an  inch  in  length  (Fig.  201).  Injury  is  most  severe  during  late  May  and  early 
June,  and  usually  on  corn  following  clover  sod. 

/'hints  Attacked. — Adults  of  this  insect  have  been  found  on  a  number  of  crops 
including  timothy,  June  grass,  grapes,  strawberries,  beans,  clover,  buckwheat, 
potatoes,  cowpeas,  muskmelons  and  apples.  Its  habit  of  feeding  on  grape  has  given 
it  the  common  name  of  grape  colaspis.      It   is  also  known  as  the  clover  rootworni. 

Distribution. —  This  beetle  ranges  throughout  eastern  North  America  and  into 
Arizona  and  New  Mexico. 

lCoUupU  brunnea  (Fabricius),  Order  Coleoptera.  Family  Chrysomelidse. 
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Life  History,  Appearance,  and  Habtie.—So  far  as  known,  tin-  winter  ii  passed  in 
the  young  larval  stage.    The  larvae  are  active  early  in  the  spring,  and  generally 

become  full  grown  during  the  first  part  of  the  summer;  m  central  Illinois,  by  about 
June  15.  They  pupate  in  the  earthen  cella  in  the  soil  and  emerge  during  July  ai  pale- 
brown  elliptical  hectics  (Figs.  202,  253).  The  body  of  the  beetle ifl  about  ',,  inch  long 
and  covered  with  rows  of  evenly  spaced  punctures.  The  adults  fly  about  freely  in 
the  field  and,  as  above  stated,  are  very  general  feeders.  Mating  takes  place  and  eggs 
are  deposited  in  midsummer  about  the  roots  of  several  of  the  above  mentioned  food 
plants,  but  particularly  on  those  of  timothy,  grape,  and  clover.  There  is  only  one 
generation  of  the  insect  each  year. 
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Fig.  202.— Adult  of  the  grape  colaspis,  Colaspis  brunnea  (Fabricius),  about  fifteen  times 
natural  size.     Line  shows  natural  size.      {From  III.  State  ATat.  Hist.  Sur.) 

Control  Measures. — Injury  by  this  insect  frequently  occurs  on  spring-plowed  red- 
clover  sod,  or  spring-plowed  timothy,  but  seldom  where  such  ground  is  broken  in  the 
fall.  Injury  to  corn  has  rarely  been  recorded  following  crops  other  than  clover  or 
timothy.  A  rotation  that  will  avoid  putting  corn  on  spring-plowed  clover  or  timothy 
sod  will  nearly  always  prevent  injury  by  this  insect. 

Reference— Twenty-third  Rept.  State  Entomol.  Ill,  p.  129,  1891-1892. 


Corn  Root  Aphid1 

Importance  and  Type  of  Injury. — Corn  infested  by  the  corn  root  aphid, 
and  its  ever-attendant  ant,  will  germinate  normally,  and  the  plants  will 
reach  a  height  of  from  3  or  4  to  6  or  10  inches,  when  growth  becomes 

1  Anuraphis  maidi-radicis  (Forbes),  Order  Homoptera,  Family  Aphididse. 
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greatly  retarded,  especially  during  dry  years.    The  plants  often  bake  on  a 
yellowish  or  reddish  tinge  t<>  the  leaves.     An  examination  of  the  field 

will  show  numerous  small  ant  lulls  around  the  injured  corn  plants,  and 

small   brownish  ants  tunneling  along  the  coin  roots.     Clinging  to  the 

corn   roots  will   he  found  many  bluish-green  aphids,  about  the  size  of 
pinheads,  when  full-grown,  the  younger  aphids  being  much  smaller. 

Phi nts  Attacked.  This  species  of  aphid  is  known  to  infest  the  roots  of 
a  number  of  different  grasses,  several  weeds,  particularly  smartweed,  and 
cot  ton,  on  which  also  it  is  a  serious  pest.  A  very  similar  species1  occurs 
on  the  roots  of  aster. 

Distribution. — The  insect  is  common  throughout  the  corn-  and  cotton- 
growing  areas  east  of  the  Rocky  Mountains. 

Life  History,  Appearance  and  Habits. — The  winter  is  passed,  at  least 
in  the  northern  part  of  the  country,  only  in  the  egg  stage.  These  eggs 
(Fig.  203,  D)  are  collected  in  the  fall  by  the  small  brown  corn  field  ants2 
and  stored  in  their  nests  over  winter.  The  ants  (Fig.  203,  E)  pile  the 
eggs  in  their  nests,  and  move  them  about  according  to  moisture  and 
temperature  conditions  in  the  soil.  In  the  early  spring,  about  the  time 
the  young  smartweed  plants  begin  to  appear  in  the  field,  the  aphid  eggs 
begin  hatching.  The  ants  seem  instinctively  to  know  that  the  young 
aphids  must  have  something  to  feed  on,  and  carry  them  to  the  roots  of 
the  smartweed  and  some  of  the  grasses  on  which  the  aphids  feed.  Here 
the  young  aphids  insert  their  beaks  and  suck  the  sap,  growing  rather 
rapidly,  and  in  about  2  or  3  weeks  become  full-grown  (Fig.  203,  B)  and 
begin  giving  birth  to  living  female  young.  These  young  in  turn  begin 
giving  birth  to  others  after  a  period  of  from  8  days  to  2  weeks.  Only 
female  aphids  appear  during  the  summer  months.  During  July  and 
August,  winged  individuals  (Fig.  203,  A)  will  frequently  make  their 
appearance  on  the  roots,  and  will  sometimes  crawl  to  the  surface  of  the 
ground,  and  fly  to  other  fields,  thus  spreading  the  infestation.  Local 
distribution  of  the  aphid  in  the  field,  is  almost  entirely  dependent  on  the 
corn  field  ants.  This  aphid  is  never  found  on  roots  except  where  attended 
by  the  ants,  and  if  placed  on  the  surface  of  the  ground  is  apparently 
helpless  so  far  as  finding  a  place  to  feed  is  concerned.  An  ant  finding 
one  of  these  aphids,  however,  immediately  picks  it  up,  carries  it  under- 
ground, and  places  it  on  the  roots  of  some  of  its  food  plants.  The  aphids 
apparently  have  been  dependent  on  the  ants  so  long  that  they  have 
entirely  lost  the  faculty  of  taking  care  of  themselves.  This  interrelation 
between  the  ant  and  the  aphid  is  one  of  mutual  benefit,  as  the  aphid 
is  protected  and  kept  by  the  ant  where  a  supply  of  food  is  accessible; 
while  the  ant,  in  turn,  derives  a  large  pari  of  its  food  from  the  sweet 
sticky  exudation  known  as  honeycU  w  given  off  from  the  anal  opening  of 

1  Anur aphis  middletoni  (Thomas). 

-Las-ins  jtigcr  americantu  Emery,  Order  Hvmcnoptcra.   Family  Formieida\ 
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Ovo^pa2r0o3u7fTmyeOrsrOttaPhid'  AnUmp!lis  ^idi-radicis  (Forbes).     A,  the  winged 
ovoviMparous  lemale,  B,   the  common  wingless  ovo viviparous  female;  C,  the  oviparous 
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the  aphid.  The  ante  ac1  as  though  fchey  knew  the  importance  of 
preserving  the  eggs  of  the  aphids  over  winter  and  that  corn  is  the  favorite- 
food  of  these  aphids.  They  will  carry  the  aphids  for  some  distance  in 
order  to  pasture  them  on  the  roots  of  corn.  In  one  instance  under  obser- 
vation, the  ants  moved  L56  feet  from  a  timothy  meadow  in  to  the  third 
row  of  ;i  field  of  corn,  carrying  with  them  not  only  their  own  young,  but 
also  a  large  number  of  aphids  which  they  began  pasturing  on  the  corn 
roots. 

While  only  the  female  aphids  are  present  in  the  fields  during  the 
summer,  on  the  approach  of  cold  weather  these  females  give  birth  to 
different  forms  which  consist  of  wingless  true  males  and  females.  These 
mate,  and  the  females  (Fig.  203,  C),  instead  of  giving  birth  to  young,  lay 
dark-green  shiny  eggs,  dying  shortly  afterward.  The  eggs  are  gathered 
up  by  the  ants  and  stored  in  their  nests  during  the  winter. 

Control  Measures. — Extensive  experiments  have  been  carried  on  to 
find  a  treatment  which  could  be  applied  to  seed  corn  that  would  repel 
the  corn  field  ants  and  thus  prevent  their  placing  the  corn  root  aphids 
on  the  roots  of  young  corn.  Owing  to  the  fact  that  soil  is  one  of  the  best 
deodorants,  most  of  the  chemicals  which  have  been  used  for  treating  the 
seed  have  not  proved  effective.  One  of  the  most  effective  treatments 
of  this  sort  has  been  to  moisten  the  seed  thoroughly  with  a  solution 
made  by  stirring  3  to  4  fluid  ounces  of  oil  of  tansy  into  1  gallon  of  wood 
alcohol,  and  moistening,  but  not  wetting,  the  corn  seed  with  this  solution 
before  planting.  Some  injury  is  likely  to  occur  if  cool,  wet  weather 
follows  planting  of  such  treated  seed. 

The  best  and  most  effective  method  of  combating  these  aphids  is  a 
measure  directed  not  against  the  aphids,  but  against  their  attendant  ants. 
This  consists  of  thorough  deep  cultivation  of  the  soil  early  in  the  spring 
before  planting.  The  land  should  be  plowed  6J^  to  7  inches  deep, 
followed  by  two  or  three  deep  diskings  at  about  3-day  intervals.  The 
object  of  this  heavy  cultivation  is  to  break  up,  scatter  and  destroy  the  ant 
nests  in  the  soil.  If  the  field  is  plowed  to  a  depth  of  only  4J^  or  5  inches, 
many  of  the  lower  chambers  of  the  ant  nests  will  not  be  thrown  out  in 
the  furrow;  6-inch  plowing,  however,  throws  out  about  95  per  cent  of 
the  ant  nests,  and  the  disking,  following  this,  breaks  up  and  scatters  the 
young  of  the  ants  and  their  aphids,  so  that  they  are  not  able  to  reestablish 
t  heir  nests  in  time  to  cause  injury  to  the  young  corn.  This  treatment  will 
also  drive  many  of  the  ants  out  of  the  fields,  as  has  been  shown  by  watch- 
ing at  night  the  margins  of  fields  where  such  treatments  have  been  given. 

References.— IU.  Agr.  Exp.  Sta.  Bulls.  178,  1915;  and  130,  1908;  U.  S.  Dept.  Agr. 
Farmers'  Bull.  891,  1917. 

female,  occurring  only  in  autumn;  D,  the  e^u  of  the  latter;   /•,',   the  corn   field  ant    (LosiuJ 

niger  americantu  Emery);  ami  F,  the  nymph  of  the  winged  female.     All  much  enlarged; 

actual  size  of  aphids  near  that  of  the  letters  beneath  these  figures.  {From  III.  State  Xat. 
Hist.  Stir.) 
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Army  Worm1 
Importance  and  Type  of  Injury. — Corn  under  8  inches  in  height  thai  is 
attacked  by  army  worms  will  usually  have  the  leaves  eaten  off  entirely. 
With  larger  corn,  the  midrib  of  the  leaves  will  sometimes  be  left,  but  the 
center  of  the  young  stalk  is  so  eaten  out  that  it  dies.  The  dark-green 
worms  (Fig.  204),  up  to  2  inches  in  length,  with  white  stripes  on  the  sid<  « 


Fig.  204. — Full-grown  army  worms,  Cirphus  unipuncta  (Haworth),  the  left  one  showing 
eggs  of  a  tachinid  fly  parasite  attached  to  the  skin.  Twice  natural  size.  (From  III.  State 
Nat.  Hist.  Sur.) 

and  down  the  middle  of  the  back,  will  be  found  hiding  under  clods  and 
stones  or  in  the  center  leaves  of  the  plant  during  the  day.  The  damage 
usually  starts  at  the  sides  of  the  field,  where  the  worms  have  moved  in 
from  some  other  crop. 

Plants  Attacked. — All  grass  crops  especially  corn,  timothy,  millet,  blue 
grass,  and  small  grains;  and  many  other  plants  under  stress  of  hunger. 

Distribution. — United  States,  Canada,  and  many  other  parts  of  the 
world. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  mainly 
in  the  partly  grown  larval  stage;  but  the  fact  that  the  moths  are  abroad 
very  early  in  the  spring  in  the  northern  states  would  indicate  that  some  of 

1  Cirphis  unipuncta  (Haworth),  Order  Lepidoptera,  Family  Noctuidse. 
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the  insects  winter  as  adults,  or  as  pupae,  or  that  there  is  a  spring  flight 
northward  from  the  southern  part  <>f  the  insect's  range.  The  partly 
grown  worms  shelter  in  the  soil  about  clumps  of  grasses,  or  under  litter 
on  the  ground.  They  begin  feeding  early  in  the  spring,  become  full- 
grown  by  the  latter  part  of  April  in  the  latitude  of  central  Illinois,  and 
pupate  just  below  the  surface  of  the  soil.  The  pupae  are  dark  brown, 
about  :{ i  inch  long,  tapering  sharply  at  the  tail,  and  blunt  at  the  head 
end.  They  remain  in  this  stage  for  2  weeks,  or  longer  if  the  weather  is 
cool,  and  then  transform  to  uniform,  pale-brown  or  brownish-gray  moths 
with  a  wing  expanse  of  about  lj^  inches  (Fig.  205).  There  is  a  single, 
small,  more  or  less  prominent,  white  dot  in  the  center 
of  each  front  wing.  The  moths  are  strong  fliers,  but 
remain  hidden  during  the  day,  becoming  active  at 
night.  They  are  somewhat  attracted  to  lights,  and 
strongly  so  to  sweets  or  decaying  fruit.  The  females 
lay  their  greenish-white  eggs  in  groups  on  the  lower 
leaves  of  grasses  to  the  number  of  500  or  more.  The 
leaf  is  generally  folded  lengthwise,  and  fastened  about 
the  eggs  with  a  sticky  secretion.  The  young  worms 
are  pale  green  in  color,  and  have  the  looping  habit  of 
crawling  until  about  half  grown.  They  may  often  be 
found  by  thousands  in  fields  of  grass  or  small  grains, 
and  because  of  their  habit  of  feeding  at  night,  their 
presence  is  generally  not  suspected  until  the  crop  is 
nearly  destroyed.  When  the  food  supply  becomes 
exhausted  in  the  fields  where  they  have  hatched,  these  caterpillars  move 
out  in  hordes  or  armies  and  attack  crops  in  near-by  fields.  These  crawl- 
ing masses  of  worms  have  given  them  their  common  name.  On  becoming 
full-grown,  the  worms  are  nearly  2  inches  long,  of  a  dark-green  color,  with 
a  narrow  broken  stripe  down  the  center  of  the  back  and  three  light  stripes 
on  the  sides,  the  lower  one  being  of  a  yellow  shade.  They  then  enter 
the  ground  and  change  to  the  pupal  stage,  emerging  as  moths  in  from 
14  to  20  days.  There  are  from  two  to  three  generations  each  year.  The 
larvae  of  the  first  generation  do  most  of  the  damage,  in  June  in  the  latitude 
of  central  Illinois.  The  larvae  of  the  last  generation  are  abundant  in  late 
August  and  September. 

Control  Measures. — One  of  the  most  effective  methods  of  controlling 
an  outbreak  of  army  worms  is  to  poison  them  by  scattering  a  poison-bran 
mixture  in  the  fields  where  they  are  feeding,  or  across  the  line  of  march 
of  the  worms  when  they  are  leaving  fields  where  food  is  scarce.  A  very 
good  bait  for  this  purpose  can  be  made  as  follows: 

25  pounds  of  dry  bran 
3  gallons  of  water 
2  quarts  of  cheap  molasses 
1  pound  of  sodium  arsenite  or  Paris  green  or  white  arsenic 


Fig.  205. — Army 
worm.  Adult  moth, 
natural  size.  {From 
III.  State  Nat.  Hist. 
Sur.) 
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The  water,  molasses,  and  sodium  arsenite  should  be  well  Btirred  together 

and  then  mixed  with  the  bran  so  that  every  flake  of  bran  is  moistened. 

Only  sufficient  water  should  he  used  to  make  a  crumbly  mixture  that  will 
just  hold  together  when  tightly  squeezed  in  the  hand.  If  the  sodium 
arsenite  is  not  available,  1  pound  of  Paris  green  may  be  substituted;  in 
which  case,  it  should  be  mixed  dry  with  the  bran,  and  the  water  and 
molasses  added  later.  Paris  green  and  white  arsenic  are  not  quite  as 
effective  as  the  sodium  arsenite. 

This  poison-bran  bait  should  be  scattered  in  the  late  afternoon,  by 
hand  or  by  using  an  end-gate  seeder,  at  the  rate  of  about  8  pounds  to  the 
acre.  This  will  mean  sowing  about  as  thinly  as  possible.  An  application 
of  this  bait  will  often  clean  up  a  very  heavy  army-worm  infestation. 

Where  the  worms  are  advancing  from  one  field  to  another,  they  may 
be  stopped  by  plowing  deep  furrows  in  front  of  their  line  of  advance  and 
dragging  a  log  or  keg  of  water  back  and  forth  in  the  furrow  until  a  very 
fine  dust  mulch  has  been  worked  up.  The  worms  tumbling  into  this 
furrow  will  be  unable  to  crawl  up  the  steep  dusty  side,  and  will  be  crushed 
by  the  passage  of  the  log.  Post  holes  may  be  dug  in  the  bottom  of  such 
a  furrow  to  trap  the  worms,  but  it  is  usually  better  to  omit  the  post  holes 
and  keep  the  drag  in  motion  until  the  worms  have  ceased  traveling. 

Army-worm  outbreaks  usually  originate  in  fields  of  small  grain  or 
grasses,  especially  where  there  is  a  very  rank  growth  of  vegetation,  or 
where  the  grain  has  fallen  down  and  lodged.  Such  situations  should  be 
watched,  especially  during  May,  and  if  the  young  worms  are  found,  the 
poison  bran  bait  should  be  applied  immediately. 

The  army  worm  is  preyed  upon  by  a  number  of  insects,  especially 
certain  parasitic  flies,1  which  lay  their  eggs  on  the  backs  of  the  worms, 
mostly  on  the  fore  part  of  the  body  (see  Fig.  204,  upper  worm  and  Fig.  37). 
The  young  maggots  hatching  from  these  eggs  bore  into  the  worms  and 
kill  them.  They  are  also  preyed  upon  by  several  ground  beetles  and 
certain  parasitic  wasps.  Perhaps  the  most  efficient  insect  enemy  of  the 
army  worm  is  an  extremely  small,  black,  wasplike  insect2  that  deposits 
its  eggs  inside  the  eggs  of  the  army  worm.  The  other  parasites  attack 
the  worms  when  they  are  partly,  to  nearly  fully  grown,  and  thus  prevent 
an  excessive  increase  in  the  next  generation,  but  do  not  kill  the  worms 
until  after  most  of  their  feeding  has  been  done.  The  egg  parasite,  on  the 
other  hand,  by  preventing  the  eggs  from  hatching,  stops  all  damage  by 
these  insects. 

References. — N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  376,  1916;  Jour.  Agr.  Research, 
Vol.  6,  p.  799,  1916;  U.  S.  Dept.  Agr.  Farmers'  Bull.  731,  1916;  Illinois  Nat.  Hist. 
Survey,  Ento.  Series,  Circ.  7,  1921;  State  Entomol,  S.  Dak.,  Circ.  24,  1921. 

1  Tachinid  flies,  Order  Diptera,  Family  Tachinidae. 

2  Telenomus  minimus  Ashmead,  Order  Hymenoptera,  Family  Scelionidse. 
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Importance  and  Type  of  Injur//.  There  are  a  great  many  species  of 
cutworms  and  the  type  of  injury  by  the  different  species  varies.  In  most 
cases,  plants  that  are  attacked  will  he  cut  off  just  above,  at,  or  an  inch  or 
two  below  the  surface  of  the  soil  (see  Fig.  278).  Most  of  the  plant  will 
not  be  consumed,  but  merely  eaten  at  the  point  where  it  was  cut  off.  A 
few  species  climb  the  stems  of  plants  and  eat  off  the  leaves.     In  most 
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Fig.  206.  Fig.  207.  Fig.  208. 

Fig.  206. — Larva  of  the  spotted  cutworm,  Agrotis  c-nigrum  (Linne),  dorsal  and  side  view, 
somewhat  enlarged.      (From  III.  State  Nat.  Hist.  Sur.) 

Fig.  207. — Larva  of  the  black  cutworm,  Agrotis  ypsilon  Rottemburg,  dorsal  and  side  view, 
somewhat  enlarged.      (From  III.  State  Nat.  Hist.  Sur.) 

Fig.  208. — Larva  of  the  glassy  cutworm,  Sidemia  devastator  Brace,  dorsal  view,  somewhat 
enlarged.      (From  III.  State  Nat.  Hist.  Sur.) 


I cases  the  smooth,  brownish,  greenish,  or  nearly  white,  well-fed-appearing 
'  wrorms  (Figs.  206,  207,  208,  209)  will  be  found  hiding  in  the  soil  close  to 
the  stems  of  the  plants  which  they  have  cut  off. 

Plants  Attacked. — Nearly  all  plants,  except  those  with  hard,  woody 
stems  are  fed  upon  by  cutworms.  Some  of  the  crops  most  seriously 
injured  are  corn,  beans,  cabbage,  cotton,  tomatoes,  tobacco,  and  clover. 
Distribution. — Cutworms  of  various  species  are  of  world-wide  distri- 
bution. Certain  species  are  confined  largely  to  southern,  and  others  to 
northern,  climates,  some  prefer  dry  conditions,  while  others  are  most 
abundant  in  wet  areas  or  overflowed  land. 

Life  History,  Appearance,  and  Habits. — The  majority  of  cutworms  pass 
the  winter  in  the  partly  grown,  to  fully  grown  larval  stage.     Some,  how- 
1  Many  species  of  Order  Lepidoptera,  Family  Noctuidse. 
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ever,  hibernate  as  adults,  and  others  as  pup©,  in  the  soil.     In  typical 

cases,  the  worms  remain  as  small  larva1  in  cells  in  the  soil,  under  trash  or 
in  clumps  of  grasses  during  the  winter.  They  start  feeding  in  the  spring 
and  continue  growth  until  early  summer,  when  they  change  in  the  soil 
to  a  brown  pupal  stage  and  later  to  the  adult  or  moth  stage  (Fig.  210). 
With  most  of  our  common  species,  there  is  but  one  generation  a  year;  a 
few  species  have  two  generations;  and,  in  others,  the  generations  are  so 
broken  up  that  adults  may  be  found  at  almost  any  time  from  late  spring 


PlQ.   209. — Larva  of  the  bronzed  cutworm,   Nephelodes  emmedonia   Cramer,    dorsal  view- 
somewhat  enlarged.      {From  III.  State  Nat.  Hist.  Stir.) 

to  midfall.  The  eggs  of  most  species  are  laid  on  the  stems  of  grasses  and 
weeds,  or  behind  the  leaf  sheath  of  such  plants.  Certain  of  the  moths, 
notably  the  black  cutworm,1  lay  their  eggs  on  low  spots  in  the  field,  or 
land  that  has  been  subject  to  overflow.  Certain  others  lay  their  eggs  on 
the  bare  ground,  or  on  ground  that  has  been  somewhat  packed  by  the 
passage  of  vehicles  or  animals.  The  larvae  in  most  cases  remain  below 
the  surface  of  the  ground,  or  under  clods  or  other  shelters,  during  the  day, 
and  feed  at  night. 


Fig.  210. — Adult  of  the  clay-backed  cutworm,  Feltia  gladiaria  Morrison,  slightly  enlarged. 

(From  III.  State  Nat.  Hist.  Sur.) 

Some  of  the  more  important  species  are:  The  pale  western  cutworm,2 
a  species  which  has  caused  losses  to  small  grains  amounting  to  millions  of 
dollars  annually  in  some  of  the  western  states  and  Canada.  This  species 
cannot  be  controlled  by  the  use  of  poisoned  baits  because  it  feeds  chiefly 
underground. 

The  black  cutworm1  (Fig.  207)  is  a  species  that  is  commonly  very 
abundant  in  low  areas  in  fields  and  on  overflow  lands.  This  species, 
which  is  of  world-wide  distribution,  is  difficult  to  control  by  the  use  of 
poison  baits. 

1  Agrotis  ypsilon  Rottemburg. 

2  Porosagrotis  orthogonia  Morrison. 
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The  spotted  cutworm1  (Fig.  206)  is  another  species  of  general  distri- 
bution throughout  North  America,  Europe,  and  Asia.  It  feeds  on  a 
great  variety  of  plants  and  sometimes  assumes  a  climbing  habit.  This 
species  can  bo  controlled  by  the  use  of  poisoned  baits. 

The  variegated  cutworm2  (see  Fig.  263)  is  found  throughout  most 
of  the  cultivated  parts  of  the  earth.  It  is  said  by  Crosby  and  Leonard 
to  have  the  widest  range  of  food  plants  of  any  of  the  cutworms,  damaging 
field  and  garden  crops,  greenhouse  plants,  many  flowering  plants,  and 
a  number  of  trees  and  shrubs,  including  evergreens.  In  the  north  part 
of  the  Mississippi  Valley,  it  is  often  associated  with  the  true  army 
worm.  It  is  perhaps  the  most  common  cutworm  feeding  on  clover  and 
alfalfa  in  this  part  of  the  United  States.     It  is  easily  poisoned. 

The  glassy  cutworm3  (Fig.  208)  is  common  in  the  northern  United 
States  and  Canada.  It  is  mainly  a  feeder  on  field  crops,  especially 
grasses.  The  larvae  feed  below  the  surface  of  the  ground  and  cannot 
be  controlled  by  poison  baits. 

The  bronzed  cutworm4  (Fig.  209)  sometimes  becomes  very  abundant 
on  field  grasses,  grains,  and  in  pastures.  It  is  a  northern  species  and  is 
a  surface  feeder. 

Several  species  of  cutworms  have  been  given  the  name  of  army  cut- 
worms. These  are  Chorizagrotis  auxiliaris,  C.  agrestis,  C.  introferens,  and 
Agrotis  fennica.  The  first  three  are  common  in  the  western  states  and 
Canada.  The  last  is  generally  distributed  in  the  northern  United  States, 
and  Europe.  They  are  all  surface  feeders.  Others  frequently  climb 
plants  and  cut  off  the  leaves.  There  are  many  other  species  of  nearly 
equal  importance  (see  pp.  397  and  434). 

Control  Measures. — The  species  of  cutworms  which  attack  the  plant 
above  or  at  the  surface  of  the  ground,  including  the  climbing  cutworms, 
may  be  controlled  very  effectively  by  the  use  of  the  poison-bran  bait 
described  for  the  control  of  the  army  worms  (see  p.  319).  Those  species 
that  feed  mostly  below  the  surface  cannot  be  controlled  by  the  use  of 
poisons.  Where  the  fields  have  already  been  planted,  it  is  often  possible 
to  sow  the  bran  effectively  by  attaching  boxes  to  the  sides  of  a  saddle 
and  scattering  the  poison  while  riding  across  the  field.  An  end-gate 
oat  seeder  has  sometimes  been  used  for  this  purpose,  but  it  is  usually 
difficult  to  set  this  machine  so  that  it  will  not  distribute  too  large  amounts 
of  the  poison. 

The  eggs  of  many  species  of  cutworms  are  laid  very  largely  in  grass 
lands.  One  of  the  best  methods  of  avoiding  damage  by  these  insects  is 
to  rotate  the  crops  in  such  a  manner  that  corn  is  not  planted  on  sod 

1  Agrotis  c-uigrum  (Linn 6). 

1  LycophoHa  margaritosa  saucia  Btibner. 

3  Sidemia  devastator  Brace. 

4  Nephelodes  >  nnm  <i<mi<i  Cramer. 
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ground  unless  such  sod  has  been  broken  early  in  the  fall  or  during  late 
summer.  Summer  plowing  will  prevent  the  moths  from  laying  their 
eggs  on  such  land.  There  is  no  practical  method  of  cleaning  up  land 
once  it  is  infested,  except  by  the  use  of  the  poisoned  bran  against  such 
species  as  feed  above  the  ground.  Where  the  underground  species  are 
abundant,  a  special  study  of  conditions  will  have  to  be  made,  as  no 
general  recommendations  will  apply. 

Cutworms  are  subject  to  attacks  by  other  insects,  especially  by 
certain  flies  which  lay  their  eggs  on  the  backs  of  the  worms,  and  by  ground 
beetles.  They  are  readily  fed  upon  by  many  species  of  birds,  and  the 
eggs  are  attacked  by  certain  small  wasp-like  parasites. 

References. — S.  Dak.  Agr.  Exp.  Sta.  Extension  Circ.  38,  1922;  Crosby  and  Leonard, 
"Manual  of  Vegetable-garden  Insects,"  p.  260,  1918;  Dom.  Canada,  Dept.  Agr.  Div. 
Entomol.  Bull.  3,  1912. 

Sod  Webworms1 

Importance  and  Type  of  Injury. — Corn  on  spring-plowed  sod  land  will  sometimes  be 
cut  off  near  the  surface  of  the  ground  in  much  the  same  manner  as  where  attacked  by 
cutworms.  An  examination  of  the  surface  of  the  ground  will  show  a  loose  silken  web 
containing  bits  of  dirt  leading  to  a  short,  silk-lined  tunnel  in  the  ground,  usually  at  the 
base  of  the  plant  (Fig.  211).  Short,  rather  thick-bodied,  usually  spotted  and  coarsely 
haired  worms,  from  }i  to  a  little  over  3^  inch  long,  will  be  found  in  these  silk-lined 
tunnels  (Fig.  212).     Frequently  the  cut-off  corn  plants  are  dragged  to  the  tunnel. 

Pla7its  Attacked. — The  sod  webworms,  as  their  name  implies,  feed  on  the  grass 
plants,  including  corn,  more  particularly  on  blue  grass,  timothy,  and  other  pasture 
and  field  grasses.     Certain  closely  related  species  attack  clovers. 

Distribution. — There  are  a  number  of  species  of  sod  webworms  occurring  in  dif- 
ferent parts  of  the  United  States  and  Canada. 

Life  History,  Appearance,  and  Habits. — The  sod  webworms,  which  are  injurious 
to  corn,  pass  the  winter  in  the  larval  stage  in  silk-lined  nests  in  grass  and  sod  lands. 
They  become  active  early  in  the  spring,  feed  in  much  the  same  way  as  cutworms, 
although  eating  the  leaves  to  a  greater  extent,  and  become  full-grown  during  late 
June  and  July.  The  moths  (Fig.  213)  are,  in  most  cases,  pale  brown  in  color,  and 
have  a  pronounced  projection  from  the  front  of  the  head.  They  vary  in  size  from  }/>, 
to  nearly  1  inch  in  length.  The  projection  from  the  head,  which  is  formed  by  the 
labial  palps  held  close  together,  has  given  them  the  name  of  snout  moths.  One  will 
frequently  stir  them  up  when  walking  across  grass  lands.  They  have  a  very  quick, 
jerky,  zigzag  flight,  usually  going  only  a  rod  or  two,  when  they  alight  and  hide  by 
crawling  down  into  the  grass.  The  moths  lay  their  eggs  around  the  lower  parts  of 
grass  stems  soon  after  emerging,  the  young  larvae  hatching  and  feeding  for  a  short  time 
before  going  into  hibernation.  With  most  species,  there  are  two  or  three  generations 
each  season.     The  corn  webworm2  has  only  one  generation  a  year,  so  far  as  known. 

Control  Measures. — The  most  effective  control  measure  for  these  insects,  is  early 
fall  plowing  of  sod  land  which  is  to  be  used  for  corn  the  next  season.  Adults  of  the 
sod  webworm  will  not  lay  their  eggs  in  plowed  ground,  so  that  this  measure  will 
effectively  prevent  damage.  If  it  is  impossible  to  plow  early,  the  land  should  be 
plowed  in  the  fall  and  harrowed  to  expose  the  hibernating  worms  to  the  weather  and 
their  natural  enemies.     If  fields  are  damaged  early  in  the  spring  to  such  an  extent 

1  Species  of  the  subfamily  Crambinae,  Order  Lepidoptera,  Family  Pyralididae. 

2  Crambus  caliginosellus  Clemens. 
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thai  they  should  be  replanted,  the  replanting  should  be  made  between  the  rows  and 
the  first  planting  of  corn  lefl  as  long  :is  possible,  undisturbed,  to  serve  as  food  for 
the  worms  until  the  second  planting  becomes  too  large  for  them  to  cul  off.     Poison- 


Fig.  211. — Corn  plant  injured  by  a  sod  Fig.    212. — Larva    of    a   sod    webworm, 

webworm,   Crambus  luteolellus  Clemens:  a,  Crambus    mutabilis    Clemens,    dorsal    view, 

silk-lined  tunnel  in  the  soil;  b,  gnawed  sur-  about  four  times  natural  size.      (From   III. 

face  of  stalk;  c,  tip  of  severed  leaf  drawn  into  State  Nat.  Hist.  Sur.) 
mouth  of  nest.      (From  III.  State  Nat.  Hist. 
Sur.) 

bran  bait,  as  recommended  for  cutworms  and  army  worms,  is  of  no  value  against  the 
sod  webworms. 

References. —  U.  S.  Dept.  Agr.  Farmers'  Bull.  1258,  1922;  Twenty-third  Rept.  State 
EntomoL,  III,  p.  30,  1905;  Jour.  Agr.  Research,  Vol.  24,  pp.  399-425,  1913. 


Fig.  213. — Adult  of  a  sod  webworm,  Crambus  mutabilis  Clemens,  about  twice  natural  rise. 

(From  III.  State  Nat.  Hist.  Sur.) 


Flea  Beetles1 

Importance  and  Type  of  Injury. — There  are  a  number  of  species  of  flea  beetles 
which  occasionally  feed  on  corn.     The  injury  by  one  species  is  typical  of  that  caused 
1  Order  Coleoptera,  Family  Chrysomelidac. 
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Fig.  214.— Adult  of 
the  corn  flea  beetle, 
Chatovmma  pulicaria 
M  e  1  s  h  e  i  m  e  r  ,  about 
twenty  times  natural 
size.  (From  III.  State 
Xat.  Hist.  Sur.) 


\>\  mII.     Corn  makes  ver)  little  growth.     The  green  portion  of  the  leaf  is  eaten,  giving 
the  whole  plant  a  bleached  appearance;  growth  is  retarded,  and  the  leaves  will  even 

during  wet  weather.     Small  to  very  small,  shining,  roundish,  black,  brown,  or  grayish 

Mack  beetles  will  be  found  feeding  on   the  leaves.      These  beetles  jump  readily  when 
approached.      The  hind  legs  are  distinctly  enlarged  and  thickened.      Occasionally  the 

injury  will  be  caused  by  somewhal  elongated  dark  green  beel  les 

with  white  stripes  on  the  back  (Fig.  186  , 

Plants  Attacked.  Nearly  all  kinds  of  plants  are  attacked 
by  adult  flea  beetles.  The  species  that  are  most  injurious  <<> 
corn  also  teed  on  millet,  sorghum,  broom  corn,  sweet  potato, 
sugar  beet,  oats,  morning  glory,  bull  nettle,  and  cabbage. 

Distribution. — Flea  beetles  of  various  species  are  of  world- 
wide distribution.  The  corn  flea  beetle,  and  morning-glory 
ilea  beetle,  perhaps  the  two  most  injurious  species  on  corn, 
occur  generally  over  the  eastern  part  of  the  United  States. 
Their  place  is  taken  in  the  west  by  the  western  cabbage  flea 
beetle. 

Life  History,  Appearance,  and  Habits. — Practically  all  of 
the  flea  beetles  injurious  to  corn,  with  the  probable  exception 
of  the  pale-striped  flea  beetle,  which  has  already  been  describ- 
ed on  p.  302,  pass  the  winter  in  the  full-grown-beetle  stage. 
They  shelter  largely  along  bushy  fence  rows,  road  sides,  or  the  edge's  of  woodlands. 
Some  of  the  species  prefer  shelters  afforded  under  trees.  In  the  spring,  the  insects 
become  active  as  soon  as  vegetation  is  well  started.  The  beetles  after  mating,  lay 
their  eggs  on  the  leaves  of  plants,  or  in  the  ground  about  the  roots  or  underground 
stems.  The  larval  habits  of  most  species  are  not  well  known.  Nearly  all  the  dam- 
age to  corn  is  caused  by  the  adults  feeding  on  the  leaves. 
This  occurs  during  the  first  2  or  3  weeks  after  the  corn 
has  come  up,  and  the  injury  is  usually  most  severe  dur- 
ing cold  seasons,  when  the  growth  of  the  corn  plant  is 
slow,  thus  giving  the  flea  beetles  a  long  period  during 
which  they  are  attacking  the  small  plants.  In  seasons 
when  the  weather  is  favorable  for  growth,  the  plant 
usually  outgrows  the  attack  of  these  insects.  Several 
of  the  species  attacking  corn  have  a  single  generation, 
while  others  produce  two  generations  each  season. 
Only  the  overwintering  adults  are  of  importance,  how- 
ever, so  far  as  their  injury  to  corn  goes.  The  species 
which  most  commonly  cause  injury  to  corn  are  the 
western  cabbage  flea  beetle,1  the  corn  flea  beetle2  (Fig. 
214),  the  toothed  flea  beetle,3  the  sweet-potato  flea 
beetle4  (Fig.  215),  and  the  smartweed  flea  beetle.5 
Several  other  species  are  of  minor  importance  as  corn 
feeders. 

Control  Measures. — In  combating  flea  beetles  on  corn,  keeping  the  fields  free  from 
weeds  is  probably  of  first  importance.  Larvae  of  some  of  the  species  injurious  to  corn 
feed  on  the  roots  of  weeds  and  grasses,  and  the  adults  on  the  leaves  of  these  plants  as 

1  Phyllotreta  pusilla  Horn,  Order  Coleoptera,  Family  Chrysomelidae. 

2  Chaitocnema  pulicaria  Melsheimer. 

3  Chcetocnema  denticulata  Illiger. 

4  Chwtocnema  confinis  Crotch. 

5  Systena  hudsonias  Forster. 


Fig.  215.— Adult  of  the 
sweet-potato  flea  beetle, 
Chcetocnema  confinis  Crotch, 
about  twenty  -five  times 
natural  size.  (From  III.  State 
Xat.  Hist.  Sur.) 
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well  u  on  corn.  Fields  thai  have  been  kept  clean  the  previous  season,  both  in  the 
field  and  around  the  margins,  are  very  seldom  injured  by  f l < • .- >  beetles.  The  oexl 
important  control  measure  is  planting  sufficiently  late  bo  thai  the  corn  will  make  a 
quick  growth.     'This,  of  course,  cannol  always  be  done,  but  fields  thai  are  particularly 

subject  to  injury,  such  as  low  ground  where  there  has  been  an  abundance  of  vine 
growth  the  previous  season,  should  be  handled  in  this  way,  especially  during  cool 
springs.      If  the  beetles  are  working  on  the  corn,  frequent,  cultivation  will  drive  them 

temporarily  from  the  plants,  and  prevent  continued  feeding,  thus  lessening  damage. 
In  cases  of  severe  infestation,  it  is  possible  to  catch  large  numbers  of  the  beetles  by 

attaching  vertical  sheets  covered  with  sticky  tanglefoot  to  the  cultivator  frames  in 
such  a  manner  thai  the  sheets  pass  between  the  corn  rows  and  just  above  the  surface 
of  the  ground.  Such  measures  will  seldom  be  necessary  if  frequent  cultivation  can  be 
given.  According  to  McCulloch,  arsenate  of  lead  dusts  are  effective  and  practical 
when  the  infestation  is  local  in  the  field. 

Reference. — Twenty-third  Rept.  State  Entomol.,  III.,  pp.  109-111,  1905. 

Grasshoppers1 

Importance  and  Type  of  Injury. — Corn  is  seldom  attacked  by  grass- 
hoppers until  the  plant  has  reached  a  height  of  20  or  more  inches.  Plants 
that  are  attacked  have  the  tips  of  the  ears  and  the  leaves  eaten  and  the 
stalks  presenting  a  general  ragged  or  bare  appearance.  Grasshopper 
injury  usually  starts  on  the  sides  of  the  field,  as  the  insects  seldom 
originate  in  the  corn  field. 

Plants  Attacked. — Various  species  of  grasshoppers  attack  nearly  all 
cultivated  and  wild  plants. 

Distribution. — Grasshoppers  occur  over  the  entire  world. 

Life  History,  Appearance,  and  Habits. — Grasshoppers  that  attack 
corn  practically  all  pass  the  winter  in  the  egg  stage.  These  eggs  are 
laid  in  packet-like  masses  nearly  1  inch  long  and  from  }£  to  \\/ei  inches 
below  the  surface  of  the  soil  (Fig.  216).  They  are  mainly  deposited  in 
uncultivated  ground  such  as  field  margins,  pasture  land,  and  roadsides. 
In  the  middle-western  and  western  states,  they  are  frequently  laid  in 
considerable  numbers  in  clover  and  alfalfa  fields.  Occasionally  corn 
is  slightly  injured  by  some  of  the  so-called  bird  grasshoppers,2  these 
being  the  large  species,  from  2  to  3  inches  long,  which  one  sees  about  the 
fields  in  the  early  summer,  or  late  spring.  These  species  pass  the  winter 
in  the  adult  stage.  With  the  more  common  and  typical  species,  the 
eggs  (Fig.  217)  hatch  somewhat  late  in  the  spring.  In  the  latitude  of 
central  Illinois,  hatching  begins  in  late  May  and  continues  until  July. 
The  young  hoppers  (Fig.  79,  E)  differ  but  little  from  the  adult ,  except  in  size 
and  the  fact  that  they  lack  wings.  They  change  their  skins  several  times 
in  the  course  of  their  growth,  and  at  the  last  molt  acquire  full-sized, 
usable  mugs.  With  most  of  the  species  which  injure  corn,  growth  is 
completed   from   the  middle  of  August    to  the  first    of  September.      The 

1  Many  species  of  the  Order  ( )rt hoptera .  Family  Locustidse. 
Schistocerca  americana  I)rnrv  and  Schisiocerca  alulacea  Harris. 
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Fig.  216. — Differential  grasshopper,  Melanoplus  differentials  Thomas,  laying  eggs  in 
soil;  enlarged.  A  part  of  the  soil  has  been  removed  to  expose  the  abdomen  and  the  egg 
mass.      (From  U.  S.  D.  A.  Farmers'  Bull.  691.) 


Fig.  217. — A  clump  of  grama  grass,  showing  a  number  of  grasshopper  egg  masses  among 
the  stems  and  roots  (indicated  by  arrows).     (From  S.  Dak.  Agr.  Exp.  Sta.  Bull.  172.) 
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adults,  however,  continue  to  feed  until  the  first  heavy  frost.  The  eggs 
arc  mainly  deposited  during  the  Latter  pari  of  September  and  October. 

The  Bpecies  which  have  caused  the  greatest  injury  to  coin  are  the 
ones  described  below.  The  red-legged  grasshopper3  is  a  medium-sized 
Bpecies,  about  1  inch  long  when  full-grown,  of  a  general  brownish-red 
color.  The  I  ibifie  of  the  hind  legs  are  red  with  black  spines.  This  species 
is  abundant  throughout  most  of  North  America,  but  less  so  in  the  south- 
western states. 

The  lesser  migratory  grasshopper2  is  rather  small,  being  only  1  inch 
long  when  in  the  adult  stage.  The  wings  are  brownish  with  a  line  of 
dark  spots  down  the  wing  covers.  The  hind  tibiae  are  often  red,  but 
on  the  whole,  not  as  highly  colored  as  in  the  red-legged  grasshopper. 


Fig.  218. — Adult  of  the  differential  grasshopper,   Melanoplus  diffcrcntialis  Thomas,  side 
view,  enlarged  about  one-half.      (From  III.  State  Nat.  Hist.  Sur.) 

However,  the  two  species  closely  resemble  each  other  in  appearance. 
This  species  is  common  throughout  the  United  States  and  Canada,  and 
has  somewhat  of  a  migratory  habit,  large  flights  having  occurred  in  a 
number  of  cases.  The  Rocky  Mountain  locust,  or  migratory  grass- 
hopper, which  caused  very  heavy  damage  to  crops  in  the  Missouri 
Valley  from  1874  to  1880,  is  closely  related  to  this  species.  So  far  as 
known,  the  Rocky  Mountain  grasshopper  is  now  entirely  extinct,  no 
specimens  having  been  taken  for  a  number  of  years.  The  olive  or 
differential  grasshopper,3  is  one  of  the  largest  species,  occurring  in  great 
numbers  over  the  eastern  part  of  the  United  States.  The  adult  (Fig. 
218)  when  full-grown  is  1J£  inches  in  length,  and  of  a  brownish  or  olive- 
green  color.  The  hind  wings  are  clear  or  very  faintly  tint ed.  It  is  one  of 
the  most  commonly  destructive  species  in  the  Mississippi  Valley. 

The  clear-winged  grasshopper4  (Fig.  219)  is  one  of  the  more  common 
western  species,  but  occurs  also  in  the  eastern  part  of  the  country.     It 

1  M elanoplua  femur-rvbrum  DeGeer. 

-  \I  rhino  plus  aila,, is  Riley,  Order  Orthoptera,  Family  Locustidse. 

\l i  lanopltu  differentialia  Thomas. 
4  Camnuln  peUueida  Bcudder. 


DESTRl  I  /  M  B  AND  I  sb'JUL  INSECTS 


is  of  a  light-brown  color  with  darker  Bpota  and  yellowish  splotches  on 
the  sides.  'The  hind  wings  are  transparent  with  dark  veins.  It  10  one  of 
the  first  grasshoppers  to  appear  in  the  spring. 

The  Carolina  grasshopper1  is  also  frequently  called  the  road-side 
grasshopper.  It  is  a  rather  large  species,  being  about  2  inches  long 
when  full-grown.  It  is  brown  in  color,  with  specks  of  gray  and  red  on 
the  wing  covers.  The  under  wings  are  black,  with  distinct  yellow 
margins.  It  is  common  throughout  Mexico,  the  United  States,  and 
southern  Canada,  and  is  perhaps  the  best  known  of  any  of  our  common 
grasshoppers  because  of  its  habit  of  frequenting  roadsides. 


4P>  £c& 

am 


Fig.  219. — Adult  of  the  clear-winged  grasshopper,  Camnula  pellucida  Scudder,  about  twice 
natural  size.      (From  III.  State  Nat.  Hint.  Sur.) 

The  two-striped  grasshopper2  is  a  widely  distributed  species  occurring 
over  most  of  North  America  from  Hudson  Bay  into  Mexico,  including 
the  Pacific  Coast.  It  is  considered  by  Blatchley3  as  one  of  the  most 
common  grasshoppers  in  clover  fields.  The  adult  is  medium-sized, 
robust,  olive-brown  above  and  pale  yellow  to  greenish  yellow  beneath. 
A  narrow  yellow  stripe  extends  from  each  eye  along  the  sides  of  the 
pronotum.  It  is  an  early-summer  species  and  has  usually  disappeared 
from  the  fields  by  mid-September. 

A  number  of  other  species  of  grasshoppers  cause  injury  to  corn,  but 
the  ones  mentioned  are  by  far  the  most  important.  All  of  these  species 
pass  the  winter  in  the  egg  stage. 

Control  Measures. — Grasshopper  control  consists  of  three  distinct 
measures:  the  first,  to  destroy  the  eggs  in  the  fall  and  winter,  and  the 
other  two  to  combat  the  grasshoppers  at  the  time  they  are  attacking 

1  D%88osteira  Carolina  (Linn6). 

2  Melanoplus  bivittatus  Say. 

•Blatchley,  "Orthoptera  of  Northeastern  America'.'  Nature  Pub.  Co.,  Indian- 
apolis, 1920. 
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crops.  The  first  of  these  measures  consists  of  fall  plowing  <>r  disking  of 
areas  in  which  the  grasshoppers  have  laid  their  eggs,  thus  exposing  the 
eggs  to  the  action  of  the  weather  and  to  birds  during  the  winter  and 
early  Bpring.  Plowing  or  disking  to  a  depth  of  1  inches  is  usually  suffi- 
cient to  destroy  the  eggs.  This  is  often  quite  effective,  especially  in 
the  West,  where  there  are  areas  of  uncultivated  land  interspersed  with 
the  cultivated  areas. 

The  most  effective  method  of  grasshopper  control  is  by  the  use  of  a 
poison  bait.  Different  baits  have  been  recommended.  All  of  them, 
however,  consist  of  a  base  of  bran  or  sawdust,  and  poison,  mixed  with 
water  and  syrup,  salt,  fruit  juices,  or  other  materials  as  attrahents.  A 
t  he  present  time,  after  a  great  deal  of  careful  work  to  test  the  effectiveness 
of  different  baits,  it  appears  that  syrup,  particularly  blackstrap  molasses, 
or  possibly  soap,  is  the  best  material  to  use  for  attracting  grasshoppers 
to  the  poison  bait.  A  very  effective  bait  can  be  made  in  the  following 
proportions: 

25  pounds  bran,  or  half  bran  and  half  sawdust,  or  hardwood  sawdust  alone; 

1  pound  of  sodium  arsenite,  Paris  green  or  white  arsenic; 

2  quarts  of  blackstrap  molasses  or  other  syrup. 
Sufficient  water  to  make  a  stiff  mash,  usually  2  or  3  gallons. 

Mix  the  bran  and  poison  together  thoroughly,  stir  the  molasses  into 
the  water,  add  to  the  poisoned  bran  and  then  mix  until  every  flake  of 
bran  is  moistened.  In  many  cases,  2  or  3  ounces  of  amyl  acetate,  or 
three  to  six  lemons,  have  been  recommended  to  each  25  pounds  of  the 
above  poison  mixture.  Under  certain  conditions  it  is  evident  that  the 
odors  of  the  fruit  or  fruit  extracts,  or  of  the  amyl  acetate,  act  as  a  distinct 
attrahent  to  the  grasshoppers;  but  on  the  whole,  it  is  doubtful  if  these 
materials  will  pay  for  their  additional  cost.  Paris  green  or  white  arsenic 
can  be  used  if  sodium  arsenite  is  not  available.  The  ingredients  for  the 
bait  should  be  thoroughly  mixed  together  and  the  material  scattered 
at  the  rate  of  about  8  or  10  pounds  per  acre.  On  the  whole,  the  best 
results  have  been  obtained  where  the  poison  has  been  applied  early  in 
the  morning.  Grasshoppers  do  not  feed  at  night,  and  seem  to  take  the 
bait  most  readily  during  the  early  part  of  the  day  and  while  it  is  fresh. 
Thousands  of  tons  of  poison  baits  have  been  used  during  the  past  few 
seasons,  and,  where  properly  applied,  with  very  satisfactory  results. 
According  to  Cooley,  crops  to  the  value  of  $2,500,000  were  saved  in  one 
year  in  Montana  by  the  application  of  $185,000  worth  of  poison  bait. 

Where  for  any  reason  it  is  impossible  to  poison  grasshoppers  by  the 
use  of  baits,  they  may  be  trapped  and  killed  in  hopperdozers  or  hopper- 
catchers.  The  hopperdozer  (Fig.  220)  is  merely  a  long,  narrow,  shallow 
trough,  made  of  boards  or  metal,  having  a  depth  of  4  inches  and  being 
2^  to  3  feet  wide  and  about  15  feet  long,  mounted  on  skids  or  runners 
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so  that  il  can  be  drawn  back  and  tort  h  across  t  he  held  by  team  or  I  rsctor. 
A  Vertical  shield  of  hoards,  oil  cloth,  or  metal  extends  to  a  height  of 
3  to  3'L>  feet  at  the  hack  of  the  trough.  The  trough  is  partly  filled  with 
water,  and  sufficient  kerosene  is  poured  on  top  of  the  water  to  cover  the 
surface  with  a  film  of  oil.  The  grasshoppers,  on  flying  up  to  avoid  the 
passage  of  the  trough,  strike  the  shield  at  the  back  and  fall  into  the  pan 
where  they  are  killed  by  the  mixture  of  kerosene  and  water;  or,  if  they 
hop  out,  are  killed  by  the  action  of  the  kerosene  on  their  bodies.  There 
are  several  modifications  of  this  hopperdozer,  the  most  common  of 
which  are  screen  boxes  constructed  at  the  back  of  the  vertical  shield 
with  a  metal  lip  projecting  at  the  front  and  bottom  of  the  shield  and 
extending   back   into   the   box.      With   this   catcher,   the   hoppers   strike 


Fig.  220. — A  machine  for  catching  grasshoppers.  A  hopperdozer  with  cloth  back,  and 
pans  for  oil,  in  which  the  grasshoppers  are  killed  as  they  are  caught.  (From  U.  S.  D.  A. 
Farmers'  Bull.  747.) 


the  front  of  the  shield,  slide  down  to  the  metal  lip,  and  are  shot  back 
into  the  screen  box.  No  liquid  is  required  in  this  type  of  catcher,  and 
the  grasshoppers  may  be  scooped  out  of  the  box,  sacked,  dried,  and  used 
for  chicken  feed  or  hog  feed,  for  which  they  are  excellent.  Both  the 
hoppercatcher  and  the  hopperdozer  are  quite  effective  in  cleaning  fields 
of  hoppers. 

As  high  as  4  to  8  bushels  of  grasshoppers  per  acre  have  been  caught 
with  these  machines.  When  one  considers  that  there  would  be  over 
200,000  grasshoppers  in  a  bushel,  and  that  it  has  been  estimated  by 
Morrill,  that  where  grasshoppers  are  present  at  the  rate  of  17  per  square 
yard,  they  will  eat  1  ton  of  green  alfalfa  hay  per  day  in  a  40-acre  field, 
it  is  seen  that  these  machines  are  well  worth  operating  in  fields  where 
grasshoppers  are  abundant.  Some  other  types  of  catchers  are  used,  but 
the  two  mentioned  are  by  far  the  most  effective. 
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Refen  noes,  Minn.  Agr.  Exp.  Sta.  Tech.  Bull.  141,  1014;  Colo.  Ayr.  Exp.  Sta.  Bull. 
280,  L923;  and  Extension  Circ,  Ser.  1,  180  A,  1921; S.  Dak.  Agr.  Exp.  Sta.  Hull.  172, 
1917;  U.  8.  Dept.  Agr.  Farmers'  hull.  717,  L922;  Jour.  Econ.  EntomoL,  Vol.  7,  p.  67, 
1914;  Vol.  10.  p.  524,  L917;  Vol.  11,  p.  175,  1918;  Vol.  12,  p.  337,  1919;  Vol.  13,  pp. 
232  and  287,  L920  and  Vol.  14,  pp.  138  and  281,  1921. 

European  Corn  Borer1 

Importance  and  Ti/pe  of  Injury. — The  presence  of  the  European  corn 
borer  is  often  indicated  by  corn  stalks  with  the  tassels  broken  or  bending 
over.  Other  indications  of  its  attack  are:  small  areas  of  surface  feeding 
on  the  leaf-blades,  with  fine,  sawdust-like  castings  on  the  upper  sides  of 
the  leaves  or  stalks;  small  holes  in  the  stalks,  often  with  slimy  borings 
protruding  from  the  holes;  worms  boring  through  the  stem  and  along 


Fig.  221. — A  field  of  dent  corn  totally  ruined  by  the  European  corn  borer;  Ontario,  Canada, 
1925.     (From  III.  Agr.  Exp.  Sta.  Circ.  321.) 

the  entire  length  of  the  ear  and  cob;  numerous  flesh-colored,  incon- 
spicuously-spotted caterpillars,  from  }/%  to  1  inch  long,  boring  in  all 
parts  of  the  stalks;  and  stalks  sometimes  so  heavily  infested  that  they 
fall  or  break  off  (Fig.  221). 

Plants  Attacked. — Nearly  all  herbaceous  plants  large  enough  for  the 
worms  to  enter.  The  insect  seems  to  prefer  corn  in  the  single-generation 
areas  of  the  Middle  West  and  in  Ontario,  although  some  of  the  common 
weeds,  vegetables,  flowers,  and  field  crops  are  often  found  infest  ed 
when  such  plants  are  grown  in  close  proximity  to  badly  infested  corn 
fields.  In  the  area  in  New  England  where  the  corn  borer  has  two 
generations  a  year,  the  insect  seems  to  prefer  corn,  dock,  millet,  sorghum, 
beets,  cocklebur,  pigweed,  smartweed,  dahlias,  gladioli,  and  similar 
plants,  even  when  such  plants  are  not  associated  with  corn.  It  has  been 
found  feeding  on  more  than  200  kinds  of  plants. 

1  Pyrausto  nubilaUs  Httbner,  Order  Lepidoptera,  Family  Pyralidids.     U.  S.  Dept, 

Ayr.  Tech.  Bull.  50.  1928. 
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Distribution.  This  insect  is  distributed  over  the  greater  part  of 
Europe  and  parts  of  Asia.  In  North  America,  in  1927,  the  insect  was 
confined  to  a  large  area  in  the  New  England  states,  another  in  eastern 
New  York,  and  a  third  covering  the  territory  in  the  United  States  and 
Canada  adjoining  the  shores  of  Lake  Erie,  Lake  Michigan,  Lake  Ontario 
and  Lake  Huron  (Fig.  222).  It  is  rapidly  extending  its  range  and  will 
probably  in  time  include  the  whole  of  the  corn-growing  area  of  North 
America. 


AREAS  KNOWN  TO  BE 
INFESTED  WITH  THE 
EUROPEAN  CORN  BORER 

\AREA  INFESTED  UP  TO  1926 
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Fig.  222. — Map  showing  the  known  distribution  of  the  European  corn  borer,  Jan.  1, 
192N.  The  figures  show  date  of  earliest  discovery  in  various  states  as  follows:  1917,  first 
discovered  in  America,  near  Boston,  Mass.;  1919,  in  eastern  New  York,  near  Schnectady 
and  in  western  New  York,  near  Silver  Creek;  1920,  in  southern  Ontario,  near  Port  Stanley; 
1921,  in  northern  Ohio  and  southern  Michigan.      (Original.) 


Life  History,  Appearance,  and  Habits. — This  insect  passes  the  winter 
in  the  form  of  a  full-grown  worm  or  caterpillar  (Fig.  223),  in  the  stems  of 
the  food  plants  on  which  it  has  been  feeding.  These  worms  are  from  % 
inch  to  nearly  1  inch  in  length.  The  body  is  flesh-colored,  rather  incon- 
spicuously marked  with  small,  round,  brown  spots.  They  may  be  found 
in  all  parts  of  the  stem  and  ear;  but,  especially  in  corn  stalks,  are  most 
abundant,  in  winter,  just  above  the  ground  surface.  In  the  spring  of 
the  year,  the  caterpillar  constructs  a  flimsy  cocoon  in  its  burrow,  and 
in  this  transforms  to  a  slender  brown  pupal  stage.  The  moths  (Fig.  224) 
begin  emerging  during  June  and  continue  to  come  out  in  the  northern 
states  until  August.  The  adult  female  moths  are  a  pale  yellowish- 
brown  with  irregular  darker  bands  running  in  wavy  lines  across  the 
wings.  The  male  moth  is  distinctly  darker,  having  the  wings  heavily 
marked  with  olive  brown.  The  moths  have  a  wing  expanse  of  about 
1  inch.  They  are  strong  fliers,  but  move  about  mainly  at  night.  The 
females  lay  their  eggs  (Fig.  225)  in  groups  of  5  to  50  on  the  undersides 
of  the  leaves  of  their  food  plants.     Each  female  will  lay,  on  the  average, 
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from  f>00  to  000  eggs;  sometimes  many  more.     The  <'ggs  ordinarily 
hatch  in  a  week  or  less,  depending  on  the  temperature,  and  the  young 

borers  U^>(\  to  sonic  extent   externally  on   the  leaves,  but   soon  bore  into 

the  larger  parts  of  the  leaf,  the  leaf  stem,  the  stalk  of  the  plants,  or  the 
ear.     They  continue  to  feed  as  borers  until  they  are  full-grown. 


Fig.  223. — The  larva  of  the  European  corn  borer,  about  twice  natural  size.  It  is 
easily  confused  with  the  smartweed  borer  which  is  native  to  the  United  States.  In  the 
European  corn  borer  the  two  spots  on  the  back  of  each  abdominal  segment  are  usually 
much  smaller  than  in  the  smartweed  borer,  and  more  widely  separated,  their  distance 
apart  usually  exceeding  the  width  of  one  spot.  In  the  native  species,  the  distance  between 
the  spots  is  usually  less  than  the  width  of  one  spot.  A  faint  stripe  can  usually  be  seen 
on  the  mid-dorsal  line  of  the  European  corn  borer.      (From  III.  State  Nat.  Hint.  Sur.) 

The  large  numbers  of  them  which  frequently  occur  in  a  single  plant, 
often  causes  the  plant  stem  to  collapse.  Three  hundred  and  eleven 
borers  have  been  taken  in  a  hill  of  corn  containing  four  stalks,  and 
forty-two  have  been  taken  from  a  single  ear  of  field  corn. 


In;.   224. — Adults  of  the  European   corn  borer;  female  at  left,   male    at    right;    slightly 
enlarged.      (From  Mich.  Agr.  Exp.  Sta.  Circ.  70.) 


In  most  of  the  area  now  infested  in  North  America  the  insect  has  a 
single  generation  a  year,  the  larvae  becoming  full-grown  during  August 
and  September  and,  as  above  stated,  remaining  in  the  stems  over  winter. 
In  the  New  England  area,  however,  the  insect  has  two  generations.  The 
moths  appear  during  August  and  early  September,  and  deposit  eggs 
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winch  produce  another  generation  <>f  worms  during  the  lute  summer  and 

early   fall.      In   both   areas,    hibernation    takes   place   mainly    in    the   full 

grown  larval  stage.  In  Europe,  the  insect  has  either  one  or  two  genera- 
tions, the  two  generations  occurring  in  the  southern  part  of  its  range. 

While  the  insect  has  been  known  to  be  present  in  North  America  only 
since  1917,  and  was  probably  introduced  into  this  country  in  shipments 
of  broom  corn  from  Italy  or  Hungary  some  time  about  1908  or  1909,  it 
has  shown  itself  capable  of  being  one  of  the  most  destructive,  if  not  the 
most  destructive,  insect  pest  of  corn. 

Control  Measures. — About  the  only  effective  control  measure  thus 
far  developed  consists  in  the  destruction  or  utilization,  during  the  fall, 
winter,  or  early  spring,  of  all  crop  residues  and  plant  refuse  in  which 
the  borers  may  pass  the  winter.     The  most  effective  methods  of  control 


Fig.  225. — E»;»;  masses  of  luiropean  corn  borer  on  under  side  of  corn  leaves.      About  natural 
size.      (From  Spencer  and  Crawford,  Ontario  Dcpt.  Agr.  Bull.  295.) 


are  clean  plowing  under  of  all  crop  and  weed  refuse  or  raking  together 
this  plant  refuse  and  burning.  The  borers  are  killed  in  corn  that  is  cut 
and  shredded  or  placed  in  a  silo.  Disking  the  fields  or  ordinary  plowing 
under  of  corn  stalks  are  of  little  value.  Late  planting  of  corn  is  of 
some  value  in  preventing  injury,  in  the  single-brooded  areas. 

Other  measures  which  may  prove  of  considerable  importance  in 
controlling  this  insect  are  rotations  in  which  a  maximum  acreage  will 
be  in  crops  not  seriously  affected.  In  general  the  legume  crops  have 
suffered  very  slightly,  although  some  damage  has  been  done  to  cowpeas. 
Soybeans,  red  clover,  and  alfalfa  have  had  almost  no  damage  from  this 
insect.  If  shock  fodder  is  fed  to  cattle  in  feed  lots,  all  the  refuse  stalks 
should  be  cleaned  up  from  the  lots  and  burned  by  early  spring,  as  it  has 
been  shown  that  many  borers  may  come  through  the  winter  in  such 
stalks  and  spread  from  them  to  fields  planted  in  corn  in  the  vicinity  the 
next  season.  Where  corn  is  cut  for  silage  or  shredded  for  fodder,  the 
stubble  should  not  be  left  over  2  inches  high.  Machines  for  cutting 
the  corn  close  to  the  ground  are  being  developed  to  leave  only  a  2-inch 
stubble.  As  corn  is  the  favorite  food  plant  among  the  cultivated  crops, 
considerable  damage  to  other  crops  may  be  avoided,  in  the  one-genera- 
tion area,  if  corn  is  planted  at  some  distance  from  them.     This  holds 
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particularly  true  for  beets,  beans,  spinach,  rhubarb,  celery,  and  outdoor 

flowering    plants.      All    weeds    should    be    kepi    down    around    roadsides 
and  Held  margins. 

References.      Muss.  Agr.  Exp.  Sta.  Bull.  189,  1(.»1«);  N.  Y.  (Cornell)  Agr.  Exp.  Sta. 

Extension  Hull, tin  31,  1919;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1294,  1922;  U.  S.  Dept. 

Agr.  Dept.  Bull.  1476,  1927;  U.  S.  Dept.  Agr.  Tech.  Bull.  53,  1927;  III.  Agr.  Exp.  Sta. 
Ore.  321,  1928. 

(  'ommon  Stalk  BORER1 

Importance  and  Type  of  Injury. — The  common  stalk  borer  usually  injures  corn 
around  the  margins  of  the  field  for  from  2  or  3  to  20  rows  into  the  field.  Occasionally 
when  fields  arc  very  weedy  the  previous  year,  the  injury  may  extend  over  the  entire 


Fig.  226. — The  Common  stalk  borer,  Papaipema  nebris  Guenee;a,  adult;  b,  half-grown 
larva,  side  view;  c,  full-grown  larva  in  burrow;  d,  side  of  one  segment  of  larva;  e,  pupa. 
All  slightly  enlarged.      (From  Chittenden,  U.  S.  D.  A.) 

field.  Stalks  of  corn  attacked  by  this  insect  will  show  irregular  rows  of  holes  through 
t  lie  unfolding  leaves.  Plants  will  often  show  an  unnatural  growth,  twisting  or  bending 
over,  presenting  a  stunted  appearance,  and  often  not  producing  ears.  Holes  will  be 
found  in  the  sides  of  the  stalks  with  moist  castings  being  thrown  out.  Inside  the 
stalks  will  be  found  very  active,  dark  brown  worms  ranging  from  %  inch  to  nearly 
2  inches  in  length.  All  but  the  larger  of  these  worms  (Fig.  226,  b)  have  a  single  con- 
tinuous white  stripe  down  the  back,  with  broken  white  stripes  on  the  sides  extending 
from  the  head  about  one-sixth  the  length  of  the  body,  and  then  starting  again  about 
one-third  the  way  from  the  hind  end  of  the  body. 

Plants  Attacked. — This  insect  is  almost  a  universal  planl  feeder,  attacking  and 
working  in  stems  of  any  plants  large  enough  to  shelter  it  and  soft  enough  so  it  can 
bore  into  them.      It  apparently  prefers  giant  ragweed  and  corn  in  its  later  stages. 

Distribution. — It  is  distributed  generally  throughout  the  United  States  easl  of  the 
Rocky  Mountains. 

1  Papaipema  nebris  Guenee,  Order  Lepidoptera,  Family  Noctuidae. 
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Life  History,  Appearance,  and  Habits.  s<»  far  as  known,  the  insecl  hibernates  only 
in  the  <>gg  stage,  the  eggs  being  laid  during  the  lull  on  grasses  and  weeds.  They  hatch 
very  early  in  the  spring  into  the  small,  browh,  white-striped  caterpillars  winch  fre- 
quently bore  first  into  the  stems  of  grasses,  particularly  blue  grass  on  which  the  <'ggs 

arc  often  hud.      As  the  caterpillars  gTOW,  they  attack  the  Larger-Stemmed  Weedl  and 

grasses.     They  are  extremely  uneasy  individuals,  never  seeming  contented  with  their 

location,  and  frequently  changing  from  the  stem  of  one  plant  to  that  of  another.  This 
habil  is  responsible  for  their  causing  a  much  greater  amount  of  injury  than  would 
be  the  case  if  they  stayed  in  one  plant.  While  the  gianl  ragweed  seems  to  he  the 
favorite  food  of  this  insect,  it  will  frequently  leave  these  weeds  for  corn  if  the  two  are 
growing  close  together.  The  worms  become  full-grown  during  the  latter  part  of  July 
and  the  first  of  August,  at  which  time  they  lose  their  striping,  and  are  a  plain  dirty- 
grayish  color  (Fig.  226,  c).  They  are  then  from  lU  to  nearly  2  inches  in  length. 
They  transform  inside  the  stems  of  their  food  plants  into  a  brown  pupal  stage  (Fig. 

226,  e),  and  during  the  latter  part  of  September,  emerge  as  grayish  moths  (Fig.  226,  a) 
with  a  wing  expanse  of  a  little  over  1  inch.  The  front  third  of  the  wings  is  usually  a 
dark  grayish-brown,  with  several  white  spots.  The  hind  wings  are  a  pale  gray-brown. 
There  is  considerable  variation  in  the  appearance  of  the  adults.  They  mate  and  the 
females  lay  their  eggs  on  grasses  and  weeds  as  above  mentioned.  Eggs  have  been 
taken  on  ragweed,  dock,  pigweed,  burdock,  and  several  grasses.  There  is  only  one 
generation  a  year. 

Control  Measures. — A  thorough  clean-up,  preferably  by  burning  over  the  margins 
of  the  fields  during  the  fall  and  a  clean-up  and  burning  of  all  crop  refuse  is  the  best 
means  of  fighting  this  insect;  in  fact  it  is  the  only  means  which  has  offered  any 
practical  help  in  controlling  the  injuries.  Clean  cultivation  of  fields  that  will  keep 
down  weed  growth  is  also  of  value. 

References. — Twenty-third  Rept.  State Entomol.  III.,  p.  44,  1905;  Rept.  State  Entomol. 
N.  J.  for  1905,  p.  584,  1906 

Lksskk  Corn-stalk  Borer1 

Importance  and  Type  of  Injury. — In  the  southern  part  of  the  United  States,  corn 
is  sometimes  injured  by  slender  greenish  worms  boring  into  the  lower  part  of  the 
stalk  and  the  heart  of  the  plant.  Corn  under  18  or  20  inches  high  attacked  by  this 
insect  becomes  much  distorted  and  curled,  and  frequently  fails  to  produce  ears  or 
good  stalks. 

I 'lants  Attacked. — Besides  corn,  the  insect  feeds  on  peas,  beans,  peanut,  cowpeas, 
crab  grass,  Johnson  grass,  wheat,  turnip,  and  probably  several  other  crops. 

Distribution. — The  range  of  the  insect  is  from  Maine  to  southern  California,  but  it 
is  largely  confined,  so  far  as  injury  goes,  to  the  more  southern  states.  It  is  also  found 
in  Mexico,  Central  America,  and  South  America. 

Life  History,  Appearance,  and  Habits. — The  insect  hibernates  in  the  larval,  pupal, 
and  adult  stages,  but  usually  in  the  southern  states  as  a  larva,  which  transforms  to  a 
pupa  before  spring.  The  moths  (Fig.  227,  a,  c)  emerge  from  the  pupa?,  or  become 
active,  early  in  the  spring  and  lay  their  greenish-white  eggs  on  the  leaves  of  the  plants 
on  which  the  larva)  feed.     The  eggs  hatch  in  about  one  week;  the  caterpillars  (Fig. 

227,  d)  feed  at  first  on  the  leaves,  but  quickly  burrow  into  the  stems  of  corn  and  other 
plants.  They  eat  into  the  heart  of  the  unfolding  leaves  of  the  corn,  sometimes  killing 
it.  The  larva?  become  full-grown  in  about  2  to  3  weeks.  Their  presence  in  the  corn 
is  indicated  by  masses  of  borings  which  are  pushed  out  from  the  holes  in  the  stalk. 
The  insects  leave  their  burrows  when  full-grown  and  spin  silken  cocoons  (Fig.  227,  /) 

1  Elasmopalpus  lignosellus  Zeller,  Order  Lepidoptera,  Family  Pyralididae. 


INSKCTS  INJURIOUS  TO  CORN 


339 


under  trash  on  the  surface  of  the  ground,  in  which  they  change  i<>  brownish  pups  about 
1  •{  inch  Long.  From  t  hese,  ( he  mol  ha  emerge  in  from  2  to  3  weeks.  They  have  a  wing 
expanse  of  nearly  1  inch.     The  front  wings  are  browniah-yellow  with  grayish  margins 

With  several  dark  spots.  In  the  female,  the  front  wingB  are  nearly  black.  A  second 
generation  is  produced  in  all  the  southern  states  where  this  insect   is  injurious. 

Control  M<  asures.     As  is  the  case  with  the  common  stalk  borer,  pracl  ically  the  only 

effective  control  is  fall  or  winter  clean-up  of  the  fields  and  field  margins.  Winter 
plowing  has  given  control  in  some  cases,  or  is  at  least  helpful  in  reducing  t  he  numbers 
{^  the  insects  in  the  field.  Marly  planting  also  is  recommended  in  some  sections 
in  the  southern  states  as  a  control  for  this  peat. 

Reference.— U.  S.  Dept  Agr.  Bur.  Entomol.  Bull.  539,  1917. 


w 


Fig.  227. — The  lesser  corn-stalk  borer,  Elasmopalpus  lignosellus  Zeller.  a,  male;  b, 
forewing  of  dark  female;  bb,  antenna  of  female;  c,  male  at  rest,  d,  larva,  dorsal  view; 
c,  side  view  of  a  middle  segment;/,  cocoon.  Lines  indicate  natural  size.  (From  Chittenden . 
('.  8.  D.  A.) 


Larger  Corn-stalk  Borer1 

Importance  and  Type  of  Injury. — Corn  infested  by  the  larger  corn- 
stalk borer  is  usually  twisted  and  stunted,  often  with  an  enlargement  of 
the  stalk  at  the  surface  of  the  ground.  The  leaves  will  sometimes  be 
ragged,  showing  many  holes  along  the  leaf  which  have  been  eaten  out 
while  it  was  still  curled  in  the  heart  of  the  plant.  Inside  of  the  stalk  will 
be  found  dirty,  grayish-white  worms  about  1  inch  in  length  when  full- 
grown,  conspicuously  marked  with  many  dark-brown  spots  (Fig.  228). 

Plants  Attacked. — The  larger  corn-stalk  borer  feeds  principally  on 
corn.     It  has  also  been  taken  on  sorghum  and  Johnson  grass. 

Distribution. — This  is  a  southern  insect,  damage  being  limited  mainly 
to  states  from  Maryland  and  Kansas  on  the  north  to,  and  including,  the 
southern  and  southwestern  states.  The  insect  is  found  also  in  Mexico, 
and  southward  to  South  America. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
form  of  a  full-grown  larva.     The  insect  will  be  found  in  the  lower  pari  of 

1  Diatrtea  zeacoleUa  Dyar,  Order  Lepidoptera,  Family  Pyralidicte, 
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the  stalk,  just  above  the  roots.  It  remains  in  the  larval  condition  until 
early  spring  when  it  changes  inside  the  stalk  to  a  naked  brown  pupa,  the 
larva  having  first  made  an  exit  hole  to  the  outside  of  t  he  stalls  and  covered 
this  with  a  web  of  fine  silk.  The  adult  moths  emerge  from  the  larval 
burrows  in  midspring.  These  moths  are  of  a  general  light  straw  color, 
with  a  wing  expanse  of  1)4  inches.  They  lay  their  eggs  in  clusters  on  the 
undersides  of  the  leaves.  The  worms  hatching  from  these  eggs  feed  at 
first  on  the  leaves,  but  soon  enter  the  stalk,  boring  in  the  pith.  They 
change  from  one  plant  to  another,  as  does  the  common  stalk  borer. 
The  first-generation  worms  become  full-grown  a  little  before  midsum- 


Fig.  22N.- — The  larger  corn-stalk  borer,  Dudrtsa  zeacolella  Dyar:  a,  b,  c,  color  varieties 
of  the  larvae;  d,  third  thoracic  segment;  <■,  eighth  abdominal  segment;  /  and  a,  a  middle 
segment  in  side  and  dorsal  views.      The  line  shows  natural  size.      (From  Howard,  U.  S.  D.  A.) 

mer,  and  pupate  inside  the  stalks.  Those  of  the  second  generation  reach 
maturity  in  the  early  fall  and  remain  as  larvae  during  the  winter.  There 
are  but  two  generations  annually. 

Control  Measures. — As  the  insects  hibernate  in  the  stalks  of  corn  and 
other  food  plants,  a  thorough  cleaning  up  and  burning  of  corn-stalk 
refuse  and  corn  stubble  during  the  winter  is  the  most  effective  control 
measure.  Rotation  in  w7hich  corn  follows  some  other  crop  is  also  helpful 
in  keeping  down  this  insect.  Late-fall  and  winter  plowing  will  destroy 
most  of  the  hibernating  larvae  in  the  stalks. 

References.— Va.  Agr.  Exp.  Sta.  Tech.  Bull.  22,  1921;  N.  Car.  Dept.  Agr.  Bull.  274, 
1920. 

Grass  or  Rush  Billbugs1 

Importance  a?id  Type  of  Injury. — Corn  from  8  to  20  inches  in  height, 
especially  if  planted  on  sod  ground  or  bottom  lands,  will  frequently  show 

1  Sphenophorus  (or  Calendra)  spp.,  Order  Coleoptera,  Family  CurculionidaD. 
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rows  i^  regular  punctures,  or  mi-cms  eaten  ou1  across  the  leaves  (Fig.  229). 
An  examination  of  such  plants  will  show  thai  the  injury  Jims  been  done 
while  the  leaves  were  curled  in  the  heart  of  the  plant,  and  possibly  will 

disclose  small  to  medium-sized,  black  Or  clay-Colored  snout  beetles  feeding 

in  the  curl  of  the  planl  or  on  the  stalk.  These  beetles  (Figs.  229,  230) 
have  a  snout  projecting  from  the  front  of  the  head  about  one-fourth  as 

long  ms  the  body,  the  chewing  mouth  parts  being  located  at  the  tip  of  this 

snout. 


Fig.  229. — Billbugs:  adults,  larva,  and  characteristic  injury,  from  adults  feeding  on  corn. 

(From  III.  State  Nat.  Hist.  Sur.) 

Plants  Attacked. — Grass  billbugs  feed  mainly  on  grassy  plants  and  on 
sedges  and  rushes  growing  in  low  swampy  areas.  Corn  planted  in  such 
sod  land  may  be  very  severely  injured. 

Distribution. — Several  different  species  of  billbugs  feed  on  corn;  taken 
together,  they  are  generally  distributed  in  grass  and  lowland  areas 
throughout  the  United  States. 

Life  History,  Appearance,  and  Habits. — The  species  of  billbugs  found 
most  commonly  on  corn  in  this  country  pass  the  winter  mainly  in  the 
adult  stage,  although  certain  species,  notably  the  wheat  billbug,1  occa- 
sionally hibernate  in  the  larval  stage.  These  hibernating  larvae  pupate 
early  in  the  spring  in  the  situations  where  they  have  fed,  and  change  to 
adult  beetles  by  midspring.     The  overwintering  adults  become  active  at 

1  Sphenophorus  partrulus  Gyllenhal 
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aboul  the  same  time,  and  feed  l>\  chewing  with  their  long  beaks  into  the 
stems  of  plants,  or  in  the  Im 'aii  of  the  plant  where  the  lea  ves  are  unfolding. 
They  are  Bluggish,  slow-moving  insects,  which  "play  "possum"  when 
disturbed.  The  species  commonly  found  on  wheat  and  timothy  are 
small,  not  over  }/±  inch  in  length  by  half  as  wide,  and  of  a  black  color 
Some  of  the  species  feeding  in  low  lands  arc  nearly  1  inch  in  length,  being 
black  or  dark  brown  in  color.  One  of  the  most  destructive,  the  clay- 
colored  billbug1  (Fig.  120),  is  nearly  1  inch  in  length,  and  of  a  tan  or  bluish 
color.  This  species  feeds  as  a  larva  on  the  club  rush,  or  common  cat-tail. 
The  female  beetles  lay  their  eggs  in  the  underground  parts  of  the  stems  or 
roots  of  these  plants,  the  eggs  being  deposited  during  the  early  summer. 
The  larva4  grow  slowly,  reaching  maturity  in  most  cases  in  early  fall,  and 
transforming  in  the  locations  where  they  have  fed  into  the  pupa?  and  later 
to  the  adult  stage. 

So  far  as  known,  none  of  the  species  has  more  than  one  generation  a 
year.  The  life  history  of  many  of  the  species  is  not  well  known.  Some 
of  the  smaller  species  attack  wheat  as  well  as  corn,  notably  the  wheat 
billbug.  Sphenophorus  pertinax  (Olivier)  is  another  large  species 
frequently  found  on  corn  on  bottom  lands. 

Control  Measures. — Grass  billbugs  are  difficult  to  control  except  by 
rotation  of  crops  that  will  bring  corn  on  land  which  has  not  been  in  sod 
during  the  previous  season,  or  which  has  not  been  recently  broken  out  of 
swamp  lands.  Crops  other  than  grasses  are  not  attacked  by  these  insects, 
and  the  small  grains  are  only  rarely  seriously  infested.  Early-fall  or 
late-summer  plowing  and  the  thorough  working  down  of  the  infested 
land  in  the  fall  will  drive  out  most  of  the  hibernating  beetles,  little  injury 
to  coin  generally  occurring  where  this  practice  has  been  followed. 

References. — Sixteenth  Rept.  III.  State  Entomol,  1890  and  Twenty-second  Rept.,  1903; 
U.  S.  Dept.  Agr.  Bur.  EntomoL  Bull.  95,  Part  II,  1911  and  Part  IV,  1912;  U.  S.  Dept. 
Agr.  Farmers-  Bull.  1003,  1919. 

Corn  Billbug2  and  Maize  Billbug3 

Importance  and  Type  of  Injury. — Infested  corn  has  somewhat  the  same 
appearance  as  that  fed  upon  by  the  grass  billbugs;  showing  regular  trans- 
verse rows  of  holes  across  the  leaves.  Later  in  the  season,  the  stalks  will 
be  distorted,  dwarfed,  and  twisted.  Many  plants  that  are  injured  send 
forth  an  abundance  of  suckers.  An  examination  of  infested  plants  will 
show  burrows  inside  the  stalk,  and  white,  fat-bodied,  legless  grubs  feeding 
inside  these  burrows.  The  grubs  are  of  a  dingy  white  color  about  %  inch 
in  length,  with  brown  heads  (see  Fig.  229). 

1  Sphenophorus  eequalis  Gyllenhal. 

2  Sphenophorus  callosus  Olivier,  Order  Coleoptera,  Family  Curculionidse. 

3  Sphenophorus  maidis  Chittenden. 
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Plants  Attacked.- -  Corn  is  the  principal  food  of  the  maize  billbug, 
although  i(  breeds  also  in  some  of  the  Large  swamp  grasses,  mainly  in 
gama  grass  (THpscKumdactyloides).     The 

com  billbug  seems  to  prefer  rice,  chufas 
(Cyperus  spp.),  and  corn,  in  the  order 
named. 

Distribution. — Confined  largely  to  the 
southern  states. 

Life  History, .  1  />/><  (trance,  and  Habits. — 
The  insects  hibernate  in  the  adult  stage 
(Fig.  230),  many  of  them  inside  the  larval 
burrows  in  the  corn.  A  few  leave  these 
burrows  and  shelter  in  coarse  grasses,  or 
other  litter,  about  the  fields.  The  beetles 
become  active  in  the  spring  about  the  time 
of  corn  planting.  They  are  about  J-^  inch 
in  length,  of  a  dull  black  color  with  raised 
markings  on  the  wing  covers  and  back  of 
the  thorax.  The  body  tapers  towards 
both  ends,  and  a  black  snout  projects 
from  the  head  about  one-third  as  long  as 
the  body.  They  frequently  become  so 
covered  with  mud  that  it  is  hard  to  see 
them  on  the  surface  of  the  ground.  They 
lay  their  eggs  in  cavities  gouged  in  the 
heart  of  the  young  corn  plants  by  the  beak 
of  the  beetle,  frequently  killing  the  young 
plants  in  the  process  of  egg  laying  or  feed- 
ing. After  the  plants  become  15  to  20 
inches  high,  but  few  of  them  are  killed  in 
this  way.  The  eggs  hatch  into  the  white 
larvae  above  described.  They  continue  to 
grow  slowly  during  the  summer,  becoming 
full-grown  during  the  first  part  of  August. 
They  then  descend  to  the  lower  end  of 
their  burrows,  usually  to  the  underground 
part  of  the  stalk,  and  there  construct  a 
cell  in  which  they  change  to  the  pupal 
stage.  They  become  adults  during  Sep- 
tember, but  most  of  them  remain  in  the 

corn  stalks  until  the  following  spring.     There  is  but  out'  generation  of 
the  insects  each  season. 

Control  Measures.  Crop  rotations  in  winch  corn  does  not  follow  coin 
are  of  great  help  in  preventing  injury  by  these  insects.     The  greater  part 


Fig.  230. — Adults  of  tho  maise 
billbug,  S  i>  h  (  n  <>  />  fi  <>  r  u  8  tnaidis 
( 'hit  tendm,  feeding  on  corn.  (From 
Kans.  A</r.  Kxp.  Sta.,  Tech.  Bull,  to 
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of  the  beetles  spend  the  winter  in  the. bases  of  the  old  corn  stalks.     Rak- 
ing up  and  burning  these  stalks  is  only  partialis  effective,  as  the  infested 

stalks  break  off  and  the  underground  pails  containing  the  beet  les  are  left 

in  the  ground.     Winter  plowing,  where  it   can  be  practiced,  is  of  some 
value.     In  the  South,  early  planting  is  recommended. 

References— U,  S.  Dept.  Agr.  Bur.  Entomol  Bull.  Da,  Part  IV,  1912;  Kan.  Agr. 
Exp.  Sta.  Tech.  Bulletin  6,  1920;  A'.  Car.  Agr.  Exp.  Sta.  Tech.  Hull, tin  13,  1917. 

Corn  Leak  Aphid1 

Importance  and  Type  of  Injury. — Corn  infested  by  this  insert  shows  numerous 
greenish  or  greenish-blue  aphids  in  the  curl  of  the  leaves  and  upper  parts  of  the  -talk. 
Leaves  are  sometimes  entirely  covered  with  these  aphids.  Winged  and  wingless 
individuals  will  be  found  during  the  summer.  Infested  corn  leaves  are  frequently 
mottled  with  yellowish  or  reddish-yellow  patches. 

Plants  Attacked. — The  insect  has  been  found  on  corn,  millet,  broom  corn,  sorghum, 
and  Sudan  grass.  It  shows  a  preference  for  sorghums.  It  winters  on  barley  in  the 
Southern  States  and  California. 

Distribution. — The  insect  is  common  throughout  the  corn-growing  areas  of  the 
United  States  and  Canada,  being  more  abundant  in  the  south.  Its  range  extends 
throughout  the  world. 

Life  History,  Appearance,  and  Habits. — Our  knowledge  of  the  life  history  of  this 
insect  is  incomplete.  In  the  north-central  states,  it  appears  in  corn  fields  about  mid- 
summer, but  is  present  in  the  South  during  the  winter  months.  Thus  far,  only  the 
winged  and  wingless  females  are  known.  No  observations  have  been  made  on  the 
winter  stages  in  the  northern  states,  and  it  is  not  known  whether  this  species  passes 
the  winter  in  the  egg  stage  in  this  section,  or  whether  it  migrates  up  from  the  south 
during  the  spring  and  early  summer.  The  female  aphids  cluster  in  large  numbers  on 
the  plants,  sometimes  almost  entirely  covering  the  leaves.  Some  winged  females  are 
present  throughout  the  summer.  The  insects  feed  until  they  are  killed  by  a  heavy 
frost,  or  the  drying  up  of  their  food  plants.  Corn  is  only  occasionally  slightly  injured 
by  these  insects  in  the  northern  states.  In  the  South,  they  are  somewhat  more 
destructive.  The  worst  damage  by  the  insect  occurs  from  the  discoloration  of  the 
leaves,  due  to  a  bacterial  infection  which  follows  the  punctures  of  the  aphid's  beak. 
This  frequently  lowers  the  grade  of  broom  corn,  but  is  of  little  consequence  on  field 
corn. 

Control  Measures. — No  practical  control  measures  for  this  insect  are  known. 

Reference. — Twenty-third  Rept.  State  Entomol.  III.,  p.  123,  1905. 

Chinch  Bug2 

Importance  and  Type  of  Injury. — Losses  caused  by  chinch  bugs  in  the 
United  States  have  been  extremely  heavy.  Webster  estimated  a  total 
damage  in  this  country  of  $350,000,000  from  1850  to  1900.  In  one  year, 
chinch  bugs  destroyed  more  than  $7,000,000  worth  of  crops  in  thirteen 
heavily  infested  Illinois  counties.  The  first  indication  of  the  presence  of 
chinch  bugs  in  the  field  will  often  be  the  wilting  and  drying  out  of  the 
infested  corn.     Usually  this  occurs  on  the  side  of  the  field  next  to  small 

1  Aphis  maidis  Fitch,  Order  Homoptera,  Family  Aphididse. 

'-'  Blissus  leucopterus  (Say),  Order  Hemiptera,  Family  Lygieida3. 
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grains.  Occasionally  injured  plants  may  appear  in  any  part  of  the  field. 
Small  black-and-white  to  gray-and-white  or  red  insects  will  be  found 
behind  the  Bheatha  of  Leaves,  or  in  the  soil  aboul  the  base  of  the  plant, 
often  with  Blender  beaks  inserted  in  the  plants  from  which  they  suck  the 

sap.  At  small-grain  harvest,  hordes  of  these  insects  will  be  found  crawl- 
ing over  the  ground  from  cut  grain  into  fields  of  corn  or  other  growing 
grass  crops. 

/'la /Us  Attacked.  —The  insect  feeds  only  on  the  plants  belonging  to  the 
grass  family.  This  includes  all  of  our  cultivated  and  wild  grasses,  corn, 
and  small  grains. 

Distribution. — The  chinch  bug  has  been  found  throughout  the  United 
States,  in  southern  Canada,  in  Mexico  and  in  Central  America.  Its 
areas  of  greatest  destructiveness  are  in  the  Mississippi,  Ohio,  and  Mis- 
souri river  valleys. 

Life  History,  Appearance,  and  Habits. — The  chinch  bug  (Fig.  231) 
hibernates  only  in  the  adult  stage,  the  full-grown  insect  being  about  }4, 
to  }i  inch  in  length,  with  a  black  body.  The  white  wing  covers  are  each 
marked  with  a  triangular  black  patch  at  the  middle  of  their  outer  margins. 
The  legs  are  reddish  to  reddish  yellow.  The  insect  gives  off  a  vile  odor, 
when  crushed,  that  is  somewhat  distinctive  and  always  remembered  by 
one  wrho  has  smelled  it.  They  hide  away  in  almost  any  kind  of  shelter 
during  the  winter;  but  in  the  Middle  West,  chiefly  along  the  south  side 
of  hedge  rows,  bushy  and  grassy  fence  rows  or  roadsides,  and  the  south 
and  wrest  edges  of  woodlands.  Where  the  clump-forming  native  prairie 
grasses  are  present,  the  bugs  seem  to  prefer  them  for  winter  quarters. 
They  have  been  taken,  however,  in  a  great  variety  of  different  shelters. 
The  adult  chinch  bugs  remain  in  their  hibernating  quarters  until  the 
temperature  reaches  a  point  above  70°  F.  for  several  hours  during  which 
the  sun  is  shining.  They  may  move  about  on  warm  days  earlier  in  the 
spring,  and  occasionally  mating  takes  place  before  they  leave  their  hiber- 
nating quarters.  When  the  above-mentioned  temperature  is  reached 
on  sunny  days,  they  crawl  up  the  stems  of  grasses,  or  other  plants  about 
their  hibernating  quarters  and  take  flight,  usually  going  to  fields  of  small 
grain.  Here  they  feed  by  sucking  the  sap  from  wheat,  rye,  oats,  or  barley, 
and  the  females  deposit  their  eggs  behind  the  " boots"  of  the  lower  leaves; 
or,  if  the  ground  is  loose,  upon  the  roots.  The  insects  mate  repeatedly, 
laying  a  few  eggs  each  day  for  3  weeks  or  1  month,  an  average  of  about 
200  eggs  being  laid  by  each  female.  These  eggs  hatch  into  small,  very 
active,  reddish  bugs  with  a  band  of  white  on  the  back  just  behind  the 
wing  pads.  They  become  dark  as  they  grow  older,  and  at  the  last  molt, 
acquire  full-sized  wings.  The  bugs  require  about  30  to  40  days  to  com- 
plete their  development.  This  usually  does  not  occur  until  after  small- 
grain  harvest,  especially  that  of  wheat.  They  are  dependent  for  their 
food  supply  on  the  sap  of  growing  grass  plants.      It  is,  therefore,  in-cessary 
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Old  chinch  bugs  hiding  in  bunches  of 

wild  grasses  during  winter  months 

BURN  THESE  GRASSES  WHILE  DRY,  THUS 

KILLING  THE  BUGS  AND  SAVING  THE  GRAIN 
I 
I 


Chinch  bugs  leaving 
winter  quarters 

too  late  to  burn 
grasses! 


Chinch  bugs  swarming  on      \      Old  and  young  bugs 
growing  corn  and  laying  eggs  I     on  corn,  the  old  ones 
for  second  generation  still  laying  eggs 


Bugs  feeding  on  late 
corn  grasses,  kafi'r 
and  volunteer  wheat 


TOO    LATE    TO  SAVE  CORN  AFTER   BUGS    HAVE    REACHED   IT, 
KEEP    THEM  OUT  OF  IT  BY    TRAPPING   AND  BURNING  ! 


Fig.  231. — Chart  showing  seasonal  history  of  chinch  bug,  Blissus  leucopterus  (Say),  in  the 
Central  States.  During  the  winter  from  December  to  February,  bugs  are  hibernating  at 
the  edges  of  woodland,  under  fallen  Leaves  and  in  bunches  of  grass  and  other  shelters.  In 
February  or  March,  flight  to  young  grain  begins  and  continues  until  about  the  middle  of 
May.      In  June  and  July  the  bugs  crawl  in  great  numbers  from  ripening  wheat  to  young 
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Chinch  bugs  alia c king 
young  winter  wheat 
upon  which  their 
eggs  are  laid 
TOO  LATE  TO  BURN  GRASSES '! 


Old  and  young  bugs 
numerous  on  growing  wheat 


Wheat  beginning  to  ripen 
and  dry  out,  causing  bugs 

tq  seek  growing  corn 
TRAP   THEM  NOW 

BY  DITCHING  OR  BARRIERS! 


OCTOBER 


NOVEMBER 


DECEMBER 


^T:^^^^m^^^: 


The  nymphs  or  young 
bugs  ottne  second 
generation  maturing 
on  corn  and  other  grasses    I 


I 


Mature  bugs  enter 
broom  sedge  and 
other  bunch  grasses 
to  sleep  for  the  winter 
AFTER    COLD    WEATHER  HAS  BEGUN  BURN  THESE 
GRASSES   AND    KILL     THE    CHINCH  BUGS.' 


Chinch  bugs  hiding 
in  dried ,  wi  Id  grasses ; 
broom  sedge }  etc. 


succulent  corn  and  at  that  time  may  be  trapped  in  ditch  barriers  or  by  lines  of  creosite. 
Becoming  adult  about  Aug.  1,  they  scatter  among  the  corn  plants,  where  eggs  arc  laid  and 
the  second  generation  is  begun.  When  these  become  adult  from  Sept.  23  to  the  early  part 
of  November,  they  find  hibernating  quarters,  where  they  remain  until  spring.  {After 
U.  8.  1).  .1.  Farmers'  Bull.  1498. 
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for  them  to  leave  the  dried  stubble  field  when  grain  is  cut.     As  tiny  are 

still  wingless,  they  usually  migrate  on  foot    to  fields  of  corn,  or  grac 
where  they  complete  their  growth.      The  adull   stage  is  reached  during 

the  early  part  of  the  summer  to  midsummer.  The  adults  may  remain  in 
the  situations  where  they  are  feeding,  but  usually  fly  for  a  few  days  after 
reaching  the  adult  stage.  Mating  again  takes  place,  and  the  eggs  of  a 
second  generation  are  deposited  on  corn  or  grasses.  The  first -generation 
adults  die  by  mid-September,  and  the  second-generation  nymphs  com- 
plete their  growth  by  the  approach  of  cold  weather.  During  the  warm 
sunny  afternoons  of  early  fall,  they  fly  from  the  corn  fields  to  their  winter 
quarters.  As  they  are  seeking  warm,  sheltered  places  at  this  time,  most 
of  them  will  congregate  on  the  south  and  west  sides  of  the  situations 
which  afford  them  shelter  during  the  winter. 

Two  forms  of  the  chinch  bug  occur.  In  the  more  common  form  the 
adult  has  black  and  white,  well-developed,  usable  wings.  In  the  less 
common  form,  occurring  more  generally  in  the  eastern  states  and  in 
Canada,  the  adults,  although  winged,  have  the  wings  so  short  and  rudi- 
mentary that  they  cannot  be  used  for  flight.  The  short-winged  form  feeds 
more  on  grasses  and  does  not  have  the  pronounced  migration  from  one 
food  plant  to  another  that  occurs  in  the  case  of  the  long-winged  form  in 
the  large  grain-growing  sections. 

Control  Measures. — Certain  methods  of  control  have  been  found  of 
value  in  combating  these  insects,  no  one  of  which,  however,  can  be 
entirely  depended  upon  to  clean  up  a  chinch-bug  outbreak.  .  As  the 
chinch  bug  feeds  only  on  plants  of  the  grass  family,  the  growing  of  non- 
grass  crops  is  of  great  value  during  years  of  chinch-bug  outbreaks,  not 
only  because  these  crops  will  not  be  injured  in  the  least  by  the  bugs,  but 
also  because  the  larger  the  area  in  such  crops,  the  less  will  be  that  in 
which  the  chinch  bug  will  find  feeding  and  breeding  places. 

It  has  also  been  found  possible  to  reduce  the  injury  by  chinch  bugs  to 
corn  by  planting  a  strong-growing  legume  crop  such  as  soybeans  or 
cowpeas  in  the  hills  of  corn.  These  plants  are  not  of  themselves  repel- 
lent to  the  chinch  bugs,  but  by  producing  a  dense  shade  around  the  base 
of  the  corn  plants,  they  give  a  condition  which  is  unfavorable  to  the  bugs, 
and  which  they  avoid.  Chinch  bugs  are  primarily  sun-loving  insects  and 
always  seek  the  thinner  parts  of  fields,  or  poorer  stands  of  any  of  the 
crops  on  which  they  feed.  Certain  varieties  of  corn  have  been  found  very 
resistant  to  the  attacks  of  second  generation  chinch  bugs,  but  no  corn  is 
chinch-bug  proof. 

Large  numbers  of  the  bugs  may  be  killed  in  the  winter  time  by  burning 
them  out  in  the  shelters  where  they  are  hibernating.  This  method  is 
particularly  effective  in  the  states  west  of  the  Mississippi,  where  the 
majority  of  the  bugs  pass  the  winter  in  the  clump-forming  grasses  which 
are  easily  burned.     It  is  less  effective  in  the  states  to  the  east,  where  the 
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bugs  shelter  to  a  greater  extent  in  woodlands  and  along  hedgerows, 

roadsides,  and  fences. 

One  of  the  most  effective  methods  of  combating  the  chinch  bugs  is 
trapping  them  at  the  time  of  small-grain  harvest  when  they  are  traveling 
on  foot  from  small-grain  fields  to  fields  of  corn,  or  other  growing  grass 
crops.  This  may  be  done  by  constructing  a  barrier  line  around  the 
margin  of  the  small  grain  field  along  which  the  bugs  can  be  stopped  and 
killed  or  trapped.  One  of  the  most  effective  barriers  is  made  by  pouring 
a  narrow  line  of  crude  creosote  (Fig.  232)  along  the  brow  of  a  smooth 


Fig.  232. — Creosote  barrier  protecting  corn  field  from  migrating  chinch  bugs.  The 
field  of  small  grains  from  which  chinch  bugs  are  migrating  is  beyond  weeds  at  the  right. 
(From  III.  State  Nat.  Hist.  Sur.) 


ridge  thrown  up  with  the  plow  around  the  margin  of  the  infested  small- 
grain  field.  The  creosote  should  be  poured  on  the  side  of  the  ridge  next 
t  lie  small  grain  so  the  bugs  will  be  climbing  the  ridge  as  they  approach  it. 
A  strip  of  creosote  making  a  line  1  inch  wide  on  the  soil  is  sufficient  to 
turn  the  bugs,  as  they  are  strongly  repelled  by  the  odor  of  this  chemical. 
Daily  applications  of  the  creosote  are  necessary  for  a  period  of  10  days  to 
2  weeks;  50  gallons  of  creosote  are  usually  sufficient  to  maintain  J^  mile 
of  barrier  for  a  season.  Post  holes  18  inches  to  2  feet  deep  may  be  dug  on 
the  inner  or  small-grain  side  of  this  line,  the  tops  of  these  holes  flared  and 
dusted.  The  bugs  may  be  caught  in  such  holes  by  the  bushel  as  they 
travel  along  the  creosote  line  seeking  a  place  where  they  can  escape  from 
the  field.     Dusting  of  the  top  of  the  holes  makes  it  impossible  for  the 
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bugs  to  obtain  a  foothold  upon  it,  and  they  roU  into  the  holes.  A  small 
amount  of  kerosene  poured  into  t  he  holes  will  kill  all  of  the  bugs  wet  by  it . 
Recently  it  has  been  discovered  that  the  bugs  can  he  killed  along  the 
harrier  lines  by  placing  a  narrow  strip  of  flake  or  granular  calcium 
cyanide  at  right  angles  to  the  harriers  at  intervals  of  from  1  to  3  rods,  the 
intervals  depending  on  the  number  of  the  bugs  along  the  line  (Tig.  2M). 
Such  an  application  of  cyanide  will  be  effective  in  killing  the  bugs  for 
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Fig.  '2'A'S. — Diagram  showing  method  of  laying  calcium  cyanide  strips  at  right  angles  to  a 
creosote  or  coal-tar  harrier.      (From  III.  Exp.  Sta.'Bull.  249.) 

from  5  to  10  hours.     A  tablespoonful  of  calcium  cyanide  placed  in  each 
posthole  at  noon,  will  kill  all  of    the  bugs  trapped  during  the  afternoon. 

References.— Kan.  Agr.  Exp.  Sin.  Bull.  191,  1913;  III.  Agr.  Exp.  Sta.  Bulls.  243,  1923 
and  249,  1924;  U.  S.  Dept.  Agr.  Farmers   Bull.  1498,  1926. 


Corn  Earworm1 

Importance  and  Type  of  Injury. — Corn  attacked  by  the  corn  earworm 
will  show  the  ears  with  masses  of  moist  castings  at  the  end,  and  the 
kernels,  especially  about  the  tip  of  the  ear,  eaten  down  to  the  cob  by 
large  brownish  to  greenish,  striped  worms,  which  are  nearly  2  inches  long- 
when  full-grown  (Fig.  234).  These  worms  vary  greatly  in  color  from  a 
light  green  to  brown.  They  are  marked  with  alternating  light  and  dark 
stripes  running  lengthwise  of  the  body.     The  stripes  are  not  always  the 

1  Heliothis  obsolcta  Fabricius,  Order  Lepidoptera,  Family  Noctuida?. 
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same  on  differenl  individuals.  The  head  is  yellow  and  the  legs  are  dark 
or  Dearly  Mack.  The  skin  of  the  insect  is  somewhat  course,  and  when 
looked  ai  under  a  magnifying  glass,  shows  many  small,  t hornlike  pro- 
jections. Usually  the  injury  starts  at  the  tip  of  the  ear.  Occasionally 
the  worms  (Miter  through  the  side,  or  at  the  butt. 

Plants  Attacked.-    The  corn  earworm  is  a  very  general  feeder,  attack- 
ing many  cultivated  crops  and  weeds.      It  is  seriously  injurious  to  the 


PlO.  234.      Nearly  full-grown  larva  of  corn  earworm,  feeding  in  tip  of  ear  of  corn. 

Brilton,  2\st  Beyt.  State  Ent.  Conn.,  1897.) 


{From 


tomato,  tobacco,  and  cotton,  as  well  as  to  corn,  and  has  been  given  the 
names  of  tobacco  bud  worm,  tomato  fruit  worm,  and  cotton  bollworm. 

Distribution. — This  insect  is  of  worldwide  distribution.  Its  damage 
is  most  severe  however  in  the  South. 

Life  History ,  Appearance,  and  Habits. — In  the  southern  United 
States,  at  least,  the  insect  passes  the  winter  in  the  form  of  a  brown  pupa, 
which  will  be  found  from  2  to  6  inches  below  the  surface  of  the  soil.  In 
the  spring,  moths  (Fig.  235)  emerge  from  these  pupae,  and  crawl  up  an 
exit  hole  which  the  larva'  prepared  before  pupating.      The  moths  have  a 
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wing  expanse  of  about  1 '  £  inches.  They  varj  in  color,  the  average 
having  the  front  wings  of  a  light  grayish  brown,  marked  with  dark  gray 

irregular  lines  and  with  a  dark  area  near  I  he  tip  of  the  wing.  The  irreg- 
ular lines  often  shade  into  an  olive  green.  The  hind  wings  are  white 
with  some  dark  spots  or  irregular  dark  markings. 

The  moths  fly  during  warm  cloudy  days,  but  mainly  at  dusk  of  the 
evening.  They  feed  on  the  nectar  of  many  flowers,  and  during  the  warm 
evenings  deposit  their  eggs  on  the  plants  in  which  the  larva'  feed.  Each 
moth  will  lay  from  500  to  as  many  as  2,500  eggs,  the  average  being  prob- 
ably about  800.  These  eggs  are  laid  singly,  and  are  of  a  hemispherical 
shape  with  ridges  along  their  sides  resembling  very  much  a  minute  sea 
urchin.  The  early  generations  feed  in  the  curl  of  young  corn  plants  and 
on  tomatoes,  cotton,  tobacco,  beans,  and  legumes.     Fresh  corn  silk  is  one 


Fig.   235. — Adult   corn   earworm   with   wings   spread.     Somewhat    enlarged. 

State  Nat.  Hist.  Sur.) 


(From    III. 


of  the  favorite  places  for  egg  laying  of  the  moths  of  the  later  generations. 
The  eggs  hatch  in  from  3  to  5  days,  and  the  worms  feed  at  first  on  the 
leaves,  or  bore  directly  into  the  corn  silk.  They  feed  on  the  silk  and  the 
tip  of  the  ear  for  about  3  weeks,  and  on  becoming  full-grown  crawl  down 
the  stalk  or  drop  to  the  ground,  into  which  they  burrow  and  excavate  a 
small,  smooth-walled  cell,  where  they  pupate,  coming  out  as  moths  again 
after  another  period  of  14  to  25  days,  although  this  period  may  be  pro- 
longed during  cold  weather.  The  worms  do  not  always  remain  in  the 
first  ear  which  they  entered,  but  frequently  go  from  one  ear  to  another. 
They  are  cannibalistic  and  usually  only  one  full-grown  worm  is  found  in  each 
ear.  There  are  from  two  to  three  generations  of  the  insect  each  season,  the 
number  depending  on  the  latitude.  While  the  winter  is  passed  in  the 
pupal  stage,  it  is  very  doubtful  in  view  of  recent  work  on  the  life  history 
of  this  insect  if  the  pupae  ever  survive  the  winter  north  of  about  40° 
north  latitude.  The  infestations  in  the  northern  states  are,  in  all  prob- 
ability, caused  by  a  migration  of  the  adults  from  points  farther  south. 
Control  Measures. — No  effective  control  of  the  corn  earworm  in  field 
corn  has  been  devised.     Sweet  corn  can  be  protected  by  dusting  the  silks 
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with  calcium  arsenate,  or  a  mixture  of  calcium  arsenate  50  per  cent  and 
sulphur  ")()  per  cent.    The  <lust  should  be  applied  as  soon  as  the  silks 

appear    and    repeated    three    to    four    times    at    3-    to    5-day    intervals. 
The  worm  damage  may  he  reduced  in  this  way  from  30  to  50  per  cent. 

This  same  method  has  been  used  in  canners'  fields  with  fair  success. 
rl  ne  time  of  planting  will  have  a  marked  effect  on  injury  by  this  insect, 
but  will  not  always  be  the  same  in  different  years;  that  is,  in  some  years 
early-planted  corn  will  be  injured,  while  inmost  years,  the  latest  corn 
suffers  the  worst  damage.  The  moths  prefer  to  lay  their  eggs  on  fresh 
corn  silk,  so  that  corn  which  silks  before  or  after  the  greatest  abundance 
of  moths  will  largely  escape  infestation.     (See  also  pp.  416,  427  and  490.) 

Inferences. — Ky.  Agr.  Exp.  Sta.  Bull.  187,  1914;  U.  S.  Dept.  Agr.  Farmers'  Bull. 
1310,  1923;  Jour.  Earn.  Entomol.,  Vol.  9,  p.  395,  1916  and  Vol.  13,  p.  242,  1920. 

Japanese  Beetle1 

This  insect  which  is  described  on  page  605,  under  Peach  Insects,  also  has  caused 
very  severe  damage  to  corn  in  areas  where  it  is  abundant.  Only  the  adult  beetles 
cause  damage,  by  feeding  on  the  husk,  kernels,  and  silk  at  the  tip  of  the  ear. 

There  is  no  practical  method  for  controlling  this  beetle  on  corn. 

Other  Insects  Feeding  on  the  Ear 

A  large  number  of  different  species  of  beetles  are  sometimes  found  feeding  on  the 
tip  of  corn  ears  where  the  kernels  have  been  exposed  by  the  feeding  of  the  corn 
earworm,  or  by  birds.  These  beetles  may  be  regarded  as  accidental  feeders  on  corn, 
and  practically  never  attack  uninjured  ears.  The  European  corn  borer  described 
on  p.  333  is  the  most  serious  insect  attacking  the  ears  of  corn,  in  sections  where  it  is 
abundant. 

1  Popillia  japonica  Newman,  Order  Coleoptera,  Family  Scarabaeidae. 


CHAPTER  XII 

INSECTS  INJURIOUS  TO  SMALL  GRAINS  AND  FORAGE 

GRASSES 

FIELD   KEY   FOR  THE   IDENTIFICATION   OF   INSECTS   INJURING   WHEAT 

AND  OTHER  SMALL  GRAINS 

.1.   Insects  that  attack  the  plant  under  ground: 

1.  Young  wheat  plants  killed  out  in  the  fall  and  sometimes  in  the  spring,  over 

irregular  areas  in  the  field.  Slender,  shining,  smooth,  tough,  brown  or  yellowish- 
brown  larva\  the  largest  one  to  two  inches  long,  with  six  slender  legs,  found  around 
the  wheat  roots.     Wireworms,  page  355. 

2.  Germinating  seed  in  the  ground  and  young  plants  eaten  by  slender,  pale-brown 
or  yellowish-brown  or  nearly  black,  six-legged  larva',  from  x  ■>  to  1  inch  in  length,  the 
body  prominently  jointed.  Legs  and  antennae  longer  than  in  true  wireworms.  Injury 
occurs  in  drier  parts  of  wheat  belt.     False  wircu-orms,  page  \\~AS. 

3.  Wheal  plants,  especially  in  early-sown  fields,  killed  out  in  the  fall  over  irregular 
areas  in  the  field.  Plants  eaten  off  just  above  the  roots  by  slender,  white,  six-legged, 
brown-headed  larva*  which  are  less  than  half  an  inch  long  and  very  difficult  to  find. 
Spotted  cucumber  beetle,  page  358. 

4.  Roots  of  plants  eaten  off  in  the  late  spring  and  sometimes  in  the  fall  in  early- 
sown  fields,  by  white,  curved-bodied  grubs,  from  J*g  to  over  1  inch  in  length,  with 
reddish-brown  heads  and  six  long  legs.  Grubs  feed  just  below  the  surface  of  the 
ground.      White  grubs,  page  35S. 

5.  Wheal  stalks  die  at  the  ground  just  before  harvest.  Lower  part  of  stalk 
hollowed  out  by  white,  short,  very  fat,  legless  larva1  about  }i  inch  in  length.  Stalks 
sometimes  fall.     Billbugs,  page  359. 

6.  Tender  portions  of  grain  plants  eaten  off  just  below  the  ground,  or  in  wet 
weather  above  ground,  especially  in  the  spring.  Pale-western  and  other  cutworms, 
p.  321. 

B.    I  nsects  that  attack  the  plant  above  ground: 

1.  Plants  in  the  fall  with  stiff,  bluish-green  leaves;  center  shoot  often  missing; 
or  plants  dead.  Whitish,  legless  and  headless  maggots  up  to  •'*  i  (;  inch  long;  or  brown, 
capsule-like  cases  of  about  the  same  length,  behind  the  lower  leaf  sheaths.  In  the 
spring,  many  of  the  straws  fall  when  the  heads  are  beginning  to  fill;  brown  seedlike 
cases  about  %  mcn  l°ng  found  behind  the  lower  leaf  sheaths  but  not  inside  the  straw. 
Hessian  fly,  p.  359. 

2.  Plants  in  fall  having  much  the  appearance  of  B,  1,  but  with  very  slender, 
greenish,  footless  maggots  in  the  enlarged  part  at  the  base  of  the  stem.  In  the  spring, 
scattered  wheat  heads  are  blasted,  and  turn  white  just  after  forming,  but  do  not  fall 
over.  The  stalk  is  eaten  off  inside  the  leaf  sheath  at  first  or  second  joint  below  the 
head,  by  a  pale  green,  very  slender  maggot,  about  H  inch  long.  Wheat-stem  maggot, 
page  364. 

3.  Heads  of  wheat  full  of  very  small  pink  or  reddish  maggots,  K2  incn  l°ng  or  less> 
that  lie  among  the  bracts  and  feed  on  the  kernels.  Kernels  shriveled.  Wheat  midge, 
page  365. 
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I  Patches  of  wheal  dying  in  the  late  spring  in  parts  of  the  field  where  the  stand 
is  the  poon-st ,  or  on  thin  ground.  ( rreal  numbers  of  small,  red,  brown,  or  black-and- 
white  bugs,  the  largest  only  '.-,  inch  Long,  clustered  on  <h<>  lower  parts  of  the  stems  and 
on  the  lower-  leaves,     chinch  hug,  page  366 

5.  Areas  of  <U>:u\  and  whitened  plants  appearing  in  fields  in  early  spring,  especially 
during  periods  of  cool  went  her.  Plants  in  and  about  such  areas  covered  with  very 
small,  winged  and  wingless,  green,  sucking  aphids.    Green  bug,  page  'MM. 

6.  Injury  much  the  s:nne  ;is  in  H,  5,  bul  with  the  insects  more  generally  distributed 
over  the  fields.  Later  large  numbers  of  the  aphids  are  found  in  tho  heads.  English 
grain  aphid,  page  369. 

7.  Fields  of  wheat  stripped  of  leaves  and  the  awns  of  the  heads  eaten  oil  by  large 
green  and  dark-green,  striped  worms  up  to  2  inches  in  length,  with  three  pairs  of  legs 
and  five  pairs  of  prolegs.  Worms  {wd  mainly  at  night  and  remain  at  base  of  plants 
during  the  day.     Army  worm,  page  370. 

8.  Part  of  wheal  head  eaten  off  by  grayish  or  greenish-gray  worms,  with  clear-cut 
brown  and  yellow  stripes  on  the  body,  which  hide  about  the  base  of  the  plant  during 
the  day.  Body  slenderer  and  head  relatively  bigger  than  in  the  army  worm,  and  with 
two  straight  dark  bands  over  top  of  head.     Wheat-head  army  worm,  p.  371. 

9.  Straw  falls  as  the  heads  fill,  as  in  B,  1,  but  the  inside  of  the  straw  is  eaten  out 
down  to  the  ground  by  a  pale  yellow,  wrinkled-bodied  larva  about  %  incn  long. 
Western  wheat-stem  saw  fly,  page  372. 

10.  Wheat  in  early  spring  with  crown  of  plant  eaten  out  by  small,  yellowish, 
maggot-like  larva  less  than  34  inch  long,  with  distinct  brown  jaws,  stunting  or  killing 
the  plant.  Later  in  the  spring,  after  the  plant  has  jointed,  it  may  be  injured  at  the 
joint  by  a  similar  worm  eating  inside  the  stem,  and  the  straw  weakened  so  that  the 
head  falls.      Wheat  strawwonn,  page  373. 

11.  Straw  fallen  as  in  B,  1,  the  weakening  of  the  straw  caused  by  small,  yellow, 
legless,  brown-jawed  larva?,  working  in  hard,  knotty  galls,  usually  just  above  one 
of  the  lower  joints.  Many  bits  of  the  galls  and  hardened  straws  coming  through  the 
thresher  in  the  grain.      Wheat  joiutworm,  page  374. 

12.  Early-sown  wheat  in  the  fall  sometimes  eaten  to  the  ground.  In  the  spring, 
the  heads  and  leaves  are  eaten  off.     Grasshoppers,  p.  377. 

13.  Pale-green  larva?  up  to  %  inch  long,  with  distinct  heads  and  at  least  10  pairs  of 
legs  and  prolegs,  feeding  on  the  edges  of  the  wheat  leaves;  often  hold  the  hind  part 
of  the  body  curled  against  the  leaf.      Wheat  sawflies,  page  373. 

A.  INSECTS  THAT  ATTACK  WHEAT 

WlREWORMS1 

Importance  and  Type  of  Injury. — The  different  species  of  wireworms 
doing  the  greatest  amount  of  injury  to  wheat  are  much  the  same  as  those 
which  injure  corn.  So  far  as  is  known,  all  the  wheat  wireworms  (Fig. 
236)  have  a  4-year,  or  longer,  life  cycle.  The  adult  beetles  (Fig.  237) 
have  the  same  appearance  and  character  as  those  attacking  corn.  For  full 
description  of  these  insects,  see  Corn  Insects,  p.  303. 

Control  Measures. — In  general,  the  control  measures  for  combating 
those  insects  given  under  corn  will  apply  to  the  species  attacking  wheat. 
In  the  dry-land  areas  of  the  West,  where  wireworms  are  often  particu- 
larly destructive,  the  following  control  measures  have  been  recommended 

1  Agrioies  tnancus  (Say),  and  others.  Order  Colcoptera.  Family  EUatericbe. 
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by  Hyslop  and  Lane.  Disk  or  harrow  sufficiently  often,  every  summer, 
to  maintain  a  dust  mulch,  thus  keeping  down  all  plant  growth  and 
starving  out  the  wireworms;  avoid  harrowing  winter  wheal  in  the  spring; 

and  use  about   5  pounds  extra  seed  per  acre  to  allow  for  thinning  by 


I'  i  <;  .  236. — The  wheat  wirevvorni, 
larva,  five  times  natural  size.  (From 
III.  State  Xat.   Hist.  Sur.) 


Fig.  237. —  Adult  of  the  wheat  wire  worm, 
Agriotes  mancus  (Say),  seven  times  natural  size. 
(From  III.  State  Nat.  Hist.  Sur.) 


wireworms.     Firm  packing  of  the  seed  bed  has  been  found  of  value  in 
reducing  damage  to  small  grains  in  the  Northwest. 

References. —  U.  S.  Dept.  Agr.  Farmers  Bull.  725,  1916;  Jour.  Eccm.  Entomol.,  Vol. 
18,  pp.  90-95,  1925;  Idaho  Agr.  Exp.  Sta.  Res.  Bull.  6,  1926. 

False  Wireworms1 

Importance  and  Type  of  Injury. — In  the  drier  wheat-growing  sections 
of  the  West,  wheat  is  often  seriously  injured  by  the  larvae  of  this  and 
several  closely  related  species  of  beetles.  The  germinating  seed  in  the 
ground  and  the  young  plants  are  fed  upon  in  the  fall,  and  the  small  plants 
are  often  destroyed  in  the  spring.  The  seed  grain  in  the  ground  is 
nibbled  and  the  germ  often  eaten  out.     The  young  wheat  plants  are 


1  Eleodes   opaca    (Say),    Eleodes   suturalis   (Say),   and   others,   Order   Coleoptera, 
Family  Tenebrionidae. 
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killed  over  irregular  areas  In  the  field,  frequently  in  the  vicinity  of  Btraw 

stacks  or  weed  patches.     Injury  is  most  severe  during  dry 

years. 

rid nls  Attacked.     Native,  dry-prairie  grass,  oats,  millet, 

corn,  kaiir,  alfalfa,  beans,  sugar  beets,  garden  crops,  and 
other  plants.  Wheat  is  much  the  preferred  food  plant, 
most  of  the  other  crops  being  only  slightly  injured. 

Distribution  .—States  between  the  Mississippi  River  and 
the  Pacific  Coast,  ranging  northward  into  British  Columbia 
and  southward  to  Texas.  False  wircworms  possibly  occur 
in  some  of  the  states  to  the  east  in  small  numbers. 

Life  History,  Appearance,  and  Habits. — These  insects 
pass  the  winter  in  the  form  of  partly  grown  larvae  or  as 
adults.  The  adults  (Fig.  239)  are  dark  to  black  beetles  a 
little  under  1  inch  in  length.  The  wing  covers  of  some 
species  are  distinctly  ridged,  others  are  smooth  or  granulate 
and  they  are  grown  fast  together,  making  it  impossible  for 
the  insects  to  fly.  When  disturbed,  they  have  a  peculiar 
habit  of  placing  their  heads  on  the  ground  and  elevating  the 
hind  part  of  their  bodies  as  though  standing  on  their  heads. 
The    larva?    (Fig.    238)    closely    resemble    wireworms    in  false 


appearance,    but    have   longer   legs  and  antennae.     Their 
bodies  are  brown  or  yellowish  brown  in  color  and  very 


wire  worm, 
Eleodes  letcheri 
vandykei  Blais- 
dell ,   dorsal 


prominently   jointed.     Some  species  of  larvae  are  nearly  view  of  larva, 

black.     The  adult  insects  become  active  early  in  the  spring  ^romuT&D. 

and  lay  their  eggs  in  the  soil,  from  10  to  as  many  as  60  being   A.,Bur.Entom. 

deposited  in  a  place.     The  larvae  feed  on  the  seeds,  roots,    y* 

and  underground  parts  of  the  stems  of  the  plants  which 

they  attack,  and  under  favorable  conditions  complete  their  growth  in 

from   110  to   130  days.     They  pupate  in  earthen  cells  in  the  soil,  the 


239. — Adults  of  a  false  wireworm  in  characteristic  attitudes.     Somewhat  enlarged. 

(From  U.  S.  D.  A.  Bur.  Entom.  Bull.  95,  Part  V.) 


pupal  period  lasting  from  10  to  25  days.      Most  of  the  damage  is  caused 
by   the  larva'.      The  adult    beetles  are  general   feeders.      They  are  very 
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long-lived,  in  some  cases  having  been  known  i<>  live  for  as  much  as  3 
years  in  the  adult  Btage.  A  second  period  of  egg  laying  usually  occur-  in 
the  late  summer  or  early  fall,  t  he  larvae  from  t  hese  eggs  hibernal  ing  in  i  lie 

soil  in  a  partly  grown  condition. 

Control  Measures. — Numerous  attempts  have  been  made  by  different, 
experimenters  to  find  a  method  of  treating  wheat  that  would  prevent 
injury  by  these  insects.  While  almost  every  known  poison  has  been  used 
under  a  number  of  different  conditions,  no  practical  treatment  which  will 
poison  the  larva?  has  yet  been  discovered.  The  most  effective  control 
measure  for  these  insects  is  rotation  of  crops  that  will  bring  corn  or  other 
cultivated  crops  on  the  ground  for  at  least  2  years  between  crops  of  wheat . 
General,  thorough  clean-up  of  straw  and  wheat  refuse  in  the  fields  is  also 
of  much  help  in  preventing  damage. 

References.— Jour.  Agr.  Research,  Vol.  22,  No.  6,  1921;  and  Vol.  26,  No.  11, 
1923;  U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  95,  Part  V,  pp.  73-87,  1912. 

Spotted  Cucumber  Beetle1 

Importance  and  Type  of  Injury. — Wheat  is  most  seriously  injured  by  this  insect 
in  the  fall.  The  infested  fields  show  irregular  patches  of  dead  plants.  If  the  plants 
are  examined  they  will  be  found  eaten  off  below  the  surface  of  the  ground.  Sometimes 
a  slender,  yellowish-white  larva,  a  little  over  l->  inch  in  length,  will  he  found  in  the  soil 
about  the  underground  parts  of  the  plants.  It  is  usually  very  difficult  to  find  these 
larva?.  The  injury  is  in  general  confined  to,  or  at  least  is  most  severe  on,  early-sown 
wheat. 

For  a  full  description  of  this  insect,  see  Corn  Insects,  page  311. 

Control  Measures. — Control  measures  which  have1  been  found  most  effective  in 
lessening  damage  by  this  insect  on  corn  will  apply  equally  well  for  preventing  damage 
to  wheat.  Perhaps  the  most  effective  measure  for  controlling  its  injury  on  wheat  is 
sowing  sufficiently  late  so  that  the  beetles  do  not  lay  eggs  in  the  wheat  when  it  first 
comes  up.  Wheat  sown  sufficiently  late  to  avoid  damage  by  the  Hessian  fly  will  in 
general  escape  injury  by  the  spotted  cucumber  beetle. 

White  GRUBS8 

Importance  and  Type  of  Injury. — Where  wheat  is  sown  early  on  ground  heavily 
infested  with  white  grubs,  the  young  plants  may  be  damaged  in  the  fall  by  having  their 
roots  eaten  off  by  these  insects.  The  most  serious  damage  to  wheat  occurs  in  the 
spring  from  grubs  feeding  on  the  roots.  Heavily  infested  fields  may  be  nearly 
destroyed.  Feeding  usually  starts  during  the  latter  part  of  May  or  the  first  of  June, 
and  continues  until  wheat  harvest.  The  brown-headed,  curved-bodied,  six-legged 
grubs,  1  inch  or  more  in  length,  will  be  found  just  below  the  surface  of  the  soil  about 
the  wheat  roots.     For  a  full  description  of  white  grubs  see  Corn  Insects,  page  306. 

Control  Measures. — The  control  measures  given  for  preventing  damage  by  this 
insect  on  corn  apply  equally  well  to  wheat.  In  addition,  most  of  the  fall  damage  may 
be  prevented  by  seeding  sufficiently  late  so  that  the  grubs  will  not  feed  on  the  wheat 
roots  before  they  start  their  winter  migration  to  below  the  frost  line.  Seeding  late 
enough  to  avoid  damage  by  Hessian  fly  will  prevent  most  of  the  fall  damage  by  grubs. 

1  Diabrotica  duodecimpunctata  (Fabricius),  Order  Coleoptera,  Family  Chrysomelidse. 

2  Phyllophaga  or  Lachnosterna  spp.,  Order  Coleoptera,  Family  Scarabaida\ 
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Wheal  ia  do1  ;is  severely  damaged  as  corn,  but,  where  possible,  should  not  be  planted 
i.n  ground  known  i « »  be  infested  by  white  ^rul>s. 

BlLLBUGS1 
Wheat  infested  by  billbllgS  will  often  show  deadened  stalks  shortly  before  harvest, 

or  the  stalks  may  fall  in  much  the  same  manner  as  where  wheat  is  heavily  infested 
with  Hessian  fly  or  jointworm.     An  examination  of  the  lower  parts  of  the  plant  will 

show  short,  white,  eurved-bodied,  legless  grubs  with  brown  head.-,  feeding  in  the  lower 
part  of  the  stem  and  crown  of  the  plant.  The  burrows  made  by  the  insect  in  the 
plant  are  filled  with  tine,  sawdust-like  castings.  The  tfrubs  are  rather  small,  seldom 
attaining  '  i  inch  in  Length.  Damage  is  usually  more  severe  on  sod  ground,  in  low- 
lands, or  about  the  margins  of  fields.  Damage  by  billbugs  to  wheat  is  not  usually 
Severe,  but  has  apparently  been  increasing  somewhat  during  the  last  few  years  in  the 
mid-western  states.  For  a  full  description  of  billbugs  and  their  control,  see  Corn 
Insect-,  pages  340  and  342. 

Hessian  Fly2 

Importance  and  Type  of  Injury. — The  type  of  injury  caused  by  the 
Hessian  fly  is  not  conspicuous.  Wheat  infested  in  the  fall  is  stunted  in 
growth;  the  leaves  of  the  plants  take  on  a  dark,  bluish-green  color,  become 
distinctly  thickened  and  stand  more  erect  and  stiff  than  those  of  unin- 
fested  plants.  The  central  growing  shoot  is  often  lacking.  Small  white 
or  greenish-white,  shiny,  legless  and  headless  maggots  about  Y\§  inch  in 
length,  or  brown,  elongated,  capsule-like  cases  (puparia),  about  J6  incn 
long,  containing  white  maggots,  will  be  found  behind  the  sheaths  of 
the  lower  leaves  of  the  plant,  usually  below  the  surface  of  the  ground  (Fig. 
240,  December  to  March).  The  injury  is  caused  entirely  by  the  larvae, 
which  withdraw  the  sap  from  the  lower  parts  of  the  stem.  Heavily 
infested  plants  generally  die  during  the  winter.  In  the  early  spring,  the 
appearance  of  the  injured  plants  is  much  the  same  as  that  in  the  fall. 
Later  in  the  spring  the  capsule-like  "flaxseeds"  will  be  found  behind 
the  leaf  sheath  above  the  surface  of  the  ground,  sometimes  as  high  as 
the  second  or  third  joints.  Infested  straws  usually  break  over  when  the 
heads  begin  to  fill  (Fig.  240,  June).  Heavily  infested  fields  will  fre- 
quently have  50  to  75  per  cent  or  more  of  the  straws  fallen.  The  yield 
of  infested  grains  is  seriously  reduced. 

Plants  Attacked. — The  principal  food  plants  of  the  Hessian  fly  are 
wheat,  barley,  and  rye,  and  are  preferred  in  about  the  order  named,  wheat 
being  by  far  the  favorite  food  of  this  insect.  It  has  been  taken  rarely  and 
in  very  small  numbers  on  certain  species  of  wild  grasses.  It  has  also  been 
taken  in  very  small  numbers  on  emmer  and  spelt.  Eggs  have  been  found 
on  oats,  foxtail,  and  einkorn,  but  no  larva1  have  ever  been  known  to 
develop  on  these  plants,  according  to  McColloch.3 

1  Sphenophoi  <<■  -pp..  Order  Coleoptera,  1'amilv  Curculionidse. 
1  Phytophaga  destructor   Say  .  Order  Diptera,  Family  Cecidomyiidae. 
Kan.  Aqr.  Exp.  Sta.  Tech.  Hull.  II.  L923. 
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Distribution.  The  original  home  of  t h<*  Bessian  fly  was  probably  in 
the  southern  Caucausas  region  of  Russia.  It  was  probably  introduced 
into  North  America  in  straw  bedding  used  by  fche  Hessian  troops  during 

the  Revolutionary  War,  as  it  was  first  noted  on  Long  Island  about  1779. 
The  insect  has  now  spread  to  all  the  principal  wheat-growing  areas  of  the 
world.  It  is  not  found  in  a  few  of  the  arid  wheat-growing  sections  in  the 
plains  states,  but  occurs  on  the  Pacific  coast. 

Life  History,  Appearance,  and  Habits. — The  Hessian  fly  passes  the 
winter  in  the  full-grown  maggot  stage.  Occasionally  a  partly  grown 
maggot  will  survive.  In  most  cases,  however,  the  maggot  is  within  the 
brown  puparium,  or  what  is  commonly  called  the  " flaxseed."  These 
overwintering  stages  will  be  found  hidden  away  behind  the  leaves  of  the 
volunteer  or  early-sown  wheat  (Fig.  240,  November  to  March),  between 
leaf  sheath  and  stem,  or  in  some  cases  in  the  stubble  of  the  previous 
season's  crop.  The  insect  is  inactive  during  the  winter,  all  those  in  the 
" flaxseed"  stage  having  finished  feeding.  In  the  spring,  shortly  after 
the  wheat  plant  starts  its  active  period  of  growth,  the  maggots  change 
inside  the  puparia  to  the  pupal  stage  and  in  a  week  or  more  emerge  as 
small,  two-winged  flies  a  little  less  than  J.£  inch  in  length.  These  flies  are 
all  of  a  sooty  black  color,  much  smaller  than  the  common  house  mosquito, 
and  are  very  frail  creatures,  never  feeding  so  far  as  known.  During 
windy  weather  they  remain  clinging  to  the  leaves  or  clustering  about  the 
base  of  the  wheat  plants.  On  warm  days  they  fly  about  over  the  fields 
and  mate,  and  the  females,  whose  abdomens  are  of  an  orange-red  color, 
lay  eggs  of  the  same  reddish  color  in  the  grooves  on  the  upper  sides  of  the 
wheat  leaves.  The  eggs  (Fig.  240,  April  and  October)  are  very  small  and 
can  just  be  seen  without  the  use  of  a  magnifier.  They  are  slender,  often 
laid  end  to  end,  and,  when  viewed  through  a  lens,  they  have  somewhat  the 
appearance  of  a  string  of  "  wieners."  They  are  likely  to  be  overlooked  by 
any  but  the  most  careful  observers.  The  adult  flies  probably  never  live 
more  than  4  days  and  most  records  show  that  they  usually  die  in  3  days 
or  less.  While  incapable  of  flying  long  distances  by  their  own  efforts, 
they  may  be  carried  by  a  moderate  wind  for  a  distance  of  several  miles. 
Work  of  Kelley  and  McColloch  in  Kansas  has  shown  that  the  adult 
Hessian  flies  will  be  found  fairly  abundant  at  a  height  of  25  feet  above  the 
ground,  and  that  they  may  occur  in  considerable  numbers  at  least  2  miles 
from  any  of  their  knowm  food  plants.  The  female  flies  lay  from  250  to  300 
eggs,  the  average  number  of  the  fall  generation  being  285,  and  for  the 
spring  generation  slightly  less.  Many  eggs  are  often  deposited  on  a 
single  plant,  as  many  as  319  having  been  counted  in  the  fall  on  one  plant. 
The  eggs  hatch  in  from  3  to  10  days,  depending  on  the  temperature. 
The  young  maggots,  which  are  reddish  when  they  first  emerge  from  the 
egg.  soon  turn  white.  They  work  their  way  down  the  grooves  of  the 
leaves  as  far  as   they  can   go   behind  the  leaf  sheath,   without    cutting 
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through  the  sheath  or  the  stem.     Here  they  start  feeding  by  rasping  on 

the  straw  and  sucking  up  the  sap  which  oozes  out  from  the  irritated 
surface,     The  maggots  never  enter  the  straw  of  the  plant  as  do  those  of 

some  other  insects  which  are  sometimes  mistaken  for  the  Hessian  fly. 
With  favorable  weather,  the  maggots  will  become  full-grown  in  about 
two  weeks  (Fig.  240,  May,  October).  The  outer  skin  then  loosens  from 
an  inner  skin  and  forms  the  brown  protective  case  known  as  the  "flax- 
seed" or  puparium.  Most  of  the  maggots  developing  from  eggs  laid  in 
the  spring  reach  the  flaxseed  stage  some  time  before  the  wheat  begins  to 
head.  Normally,  there  is  one  spring  generation.  Under  certain  weather 
conditions,  particularly  those  of  an  early  wet  spring,  a  second  or  supple- 
ment ary  spring  generation  may  be  produced.  Flies  of  the  supplementary 
generation  emerge  and  lay  their  eggs  on  the  late  tillers,  normally  causing 
but  little  injury.  Nearly  all  of  the  flies  will  be  in  the  " flaxseed"  stage  2 
weeks  or  more  before  wheat  harvest.  They  remain  in  this  stage  in  the 
dry  stubble  during  the  summer  (Fig.  240,  July,  August)  and  emerge 
again  as  flies  as  soon  as  sufficient  rain  has  fallen  to  cause  a  growth  of 
volunteer  wheat  in  the  fields.  During  wet  seasons,  adult  flies  may  begin 
coming  out  by  the  middle  of  July,  and  a  nearly  full  summer  generation 
may  be  produced  in  volunteer  wheat.  In  normal  years,  the  flies  do  not 
start  emerging  before  late  summer  or  early  fall  and  lay  their  eggs  in  such 
volunteer  wheat  as  may  be  present  in  the  fields,  or  in  early-sown  wheat. 
In  central  Illinois,  emergence  starts  usually  about  September  1.  If  no 
green  wheat,  rye,  or  barley  is  available,  the  flies  will  die  without  depositing 
many  of  their  eggs.  Emergence  ceases  on  the  approach  of  cold  weather. 
The  maggots  developing  from  the  fall  generation  of  flies  will  nearly  all 
become  full-grown  before  the  first  hard  frost  or  at  least  before  the  ground 
freezes  in  the  fall.  Maggots  that  are  less  than  one-half  grown,  are  likely 
to  be  killed  by  freezing  weather. 

It  will  be  seen  from  this  description  that  there  are  normally  two  full 
generations  of  flies  each  year,  but  under  exceptionally  favorable  weather 
conditions,  there  may  be  three,  four,  or  even  five. 

Control  Measures. — The  three  measures  which  have  been  found  of 
most  value  in  preventing  damage  by  this  insect  are: 

1.  Sowing  sufficiently  late  in  the  fall  so  that  the  wheat  will  not  come 
up  until  after  the  adult  flies  have  emerged,  laid  their  eggs  and  died. 
The  accompanying  map   (Fig.   241)   shows  the  normal  safe   dates   for   | 
sowing  wheat  to  escape  injury  by  the  Hessian  fly  and  make  the  largest 
yields,  in  some  of  the  North  Central  States. 

2.  Keeping  down  all  growth  of  volunteer  wheat  in  the  fields,  or  about 
stacks,  on  which  the  fall  generation  of  flies  might  deposit  their  eggs,  and 
thus  carry  the  insect  through  until  the  following  spring. 

3.  Plowing  under  infested  wheat  stubble  as  soon  as  possible  after 
harvest.     The  adult  Hessian  fly  is  such  a  weak  insect  that  it  cannot 
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work  its  way  up  through  the  soil,  and  where  wheal  stubble  is  thoroughly 

plowed  under  this  will  prevent    the  Hessian  fly  from  emerging.      This  is 

a  most   effective  control  measure  hut   frequently  cannot    be  practiced 

because  wheat   is  often  used  as  a  nurse  crop  for  grasses  or  clovers  which 
remain  on  the  ground  for  a  year  or  more  after  the  wheat  is  harvested. 

The  proper  date  of  seeding  wheat  to  escape  infestation  by  the  fall 
generation  of  Hessian  fly  has  now  been  worked  out  by  the  entomologists 
in  the  experiment  stations  of  all  the  principal  wheat-growing  states. 
There  will  be  some  variation  in  the  time  of  emergence  of  the  fly  during 
different  seasons,  as  its  development  is  so  largely  dependent  on  weather 


Flo.  241. — Map  showing  normal  safe  dates  for  sowing  wheat  in  several  North  Central 

States  to  escape  injury  by  the  Hessian  fly. 


conditions.  However,  long-continued  experimental  seedings  in  many 
states  have  shown  that  it  is  nearly  always  possible  to  sow  late  enough 
to  avoid  any  but  a  very  light  infestation  by  the  Hessian  fly  and  still 
secure  a  sufficient  plant  growth  to  permit  the  wheat  to  withstand  the 
cold  weather  of  the  winter.  The  results  secured  from  experimental 
seedings  conducted  for  8  years,  in  Illinois,  are  summarized  on  p.  268. 
Many  experiments  have  been  carried  on  to  develop  other  methods 
of  control.  Those  sometimes  recommended,  but  which  have  been  found 
of  practically  no  value,  are:  pasturing  wheat  with  cattle  or  sheep,  rolling 
wheat  to  crush  the  maggots  or  puparia,  mowing  wheat  in  the  spring 
after  the  spring  generation  of  flies  has  emerged,  and  early  planting  of 
strips  of  wheat  as  traps.  Under  certain  conditions,  rotation  of  crops  is 
of  some  value  in  preventing  injuryr.  Where  no  grass  or  clover  is  sown 
in  the  wheat,  and  the  weather  is  sufficiently  dry.  summer  burning  of 
stubble  may  be  of  slight  value.      In  most  cases,  however,  the  "flaxseeds" 
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are  sufficiently  l<>\\  in  the  wheal  so  thai  they  arc  not  killed  by  i h< •  fire 
Some  varieties  of  wheat  have  been  found  resistant  to  Hessian  fly,  hut 
up  to  the  present  time  no  varieties  have  been  found  sullicient ly  resistant 
to  attacks  of  this  insect,  and  having  other  desirable  qualities,  to  warrant 
recommending  them  generally  in  any  of  the  large  wheat-growing  areas. 
Maintaining  the  wheat  ground  in  a  good  state  of  fertility  is  of  considerable 
value,  as  a  wheat  plant  on  rich  ground  will  overcome  the  attack  of  one 
or  two  maggots  of  the  Hessian  fly  and  still  produce  a  fairly  good  yield, 
whereas  on  poor  ground  such  a  plant  would  be  killed.  Where  late 
seeding  is  practiced,  the  seed  bed  should  be  put  in  the  best  condition 
possible  so  that  a  vigorous  growing  plant  may  be  obtained.  No  method 
has  yet  been  developed  for  controlling  Hessian  fly  by  direct  application 
of  insecticides. 

References.— Kan.  Agr.  Exp.  Sta.  Tech.  Bull.  11,  1923;  Ohio  Agr.  Exp.  Sta.  Bull. 
177,  1906;  Jour.  Agr.  Research,  Vol.  12,  pp.  519-527,  1918. 

Wheat-stem  Maggot1 

Importance  and  Type  of  Injury. — Wheat  attacked  by  this  insect  in 
the  fall  of  the  year  appears  much  the  same  as  that  infested  by  the  Hessian 

fly,  the  plants  taking  on  a  darker  appear- 
ance and  remaining  stunted,  with  stiff, 
somewhat  thickened  leaves.  An  examina- 
tion of  these  plants  will  reveal  slender, 
pale-green  maggots  (Fig.  242,  B)  working 
inside  the  lower  part  of  the  stem  or  crown 
of  the  plant.  These  maggots  are  about 
J4  inch  long. 

The  summer  type  of  injury  differs  from 
that  of  the  winter.  The  first  indication 
of  the  presence  of  the  insects  is  usually 
the  dying  out  and  whitening  of  the  wheat 
heads  and  upper  parts  of  the  straw  shortly 
after  the  head  begins  to  fill  while  the 
lower  stem  and  leaves  are  still  green. 
The  maggots  will  be  found  at  this  time  of  the  year  inside  the  straw 
just  above  the  last  or  next  to  the  last  joint.  The  whitened  heads 
are  very  conspicuous  in  the  green  fields  of  wheat  often  giving  an  exagger- 
ated idea  of  the  importance  of  the  insect.  Its  injury  rarely  amounts  to 
1  or  2  per  cent,  but  occasionally  may  be  much  higher. 

Food  Plants. — The  principal  food  plants  among  the  cultivated  crops 
are  wheat,  rye,  barley,  and  oats.  It  also  feeds  on  blue  grass,  timothy, 
and  a  number  of  the  wild  grasses. 

1  Meromi/za  americana  Fitch,  Order  Diptera,  Family  Oscinidae. 


Fig.  242. — A,  adult  of  the  wheat 
Btem  maggot,  Meromyza  americana 
Fitch,  six  times  natural  size.  B, 
larva  of  the  wheat-stem  maggot,  six 
times  natural  size.  (From  III.  State 
Nat.  Hint.  Sur.) 
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Distribution.    The  insect  is  a  Dal  ive  species,  occurring  over  pracl  ically 

the  entire   United   States,   in    Mexico,   and   in    the   principal   agricultural 

regions  of  ( lanada. 

Life  History,  Appearance,  and  Habits. — The  insect,  so  far  as  known, 

passes  the  winter  only  in  the  larval  stage,  the  maggot  being  hidden 
away  inside  tin1  Lower  parts  of  the  stems  of  the  wheat  or  the  other  plants 
on  which  it  feeds.  In  the  spring  these  larvae  change  inside  a  green 
puparium  to  the  pupal  stage  and  emerge  shortly  afterward  as  yellowish- 
white  flies,  about  *5  inch  long,  with  three  conspicuous  black  stripes  on 
the  thorax  and  abdomen,  and  conspicuous  bright-green  eyes  (Fig.  242,  A). 
The  females,  after  mating,  deposit  their  eggs  on  the  leaves  or  stems  of 
wheal  and  grasses  on  which  the  larvae  feed.  The  young  maggots  crawl 
down  behind  the  leaf  sheaths  to  the  tender  soft  part  of  the  stems  and 
tunnel  into  them,  in  the  case  of  wheat  feeding  along  the  stem  for  a 
distance  of  2  or  3  inches.  The  injured  stem  is  partly  severed  and  the 
head  turns  white  and  dies.  When  the  larva  becomes  full-grown,  the 
outer  skin  loosens  from  an  inner  skin  and  forms  a  pale-green  slender 
puparium  in  which  the  maggot  changes  to  the  pupal  stage,  and  later  to 
the  adult  stage.  These  adults  emerge  about  midsummer  and  lay  their 
eggs  on  wild  grasses  or  volunteer  grain.  The  larvae  of  this  summer 
generation  become  full-grown  by  the  last  of  August  or  during  September 
and  transform  to  adults  that  emerge  and  lay  eggs  for  the  fall  generation 
which  develops  on  winter  wheat  as  above  described. 

Control  Measures. — No  practical  method  of  controlling  this  insect 
has  yet  been  developed.  The  date  of  seeding  has  some  effect  on  the 
amount  of  injury  in  certain  years,  but  late  seeding  cannot  be  depended 
upon  to  prevent  injury.  Where  the  insect  has  so  many  food  plants 
other  than  wheat,  we  are  practically  dependent  upon  its  natural  enemies 
to  hold  it  in  check.  Destruction  of  straw  that  is  heavily  infested  by 
these  maggots,  or  the  baling  and  selling  of  straw  off  the  farm,  if  done 
soon  after  wheat  harvest,  will  help  somewhat  in  reducing  the  number 
of  insects. 

References.— U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  42,  p.  43,  1903;  U.  S.  Dept.  Agr. 
Dept.  Bull.  1137,  1923. 

Other  Maggots  Infesting  the  Stems  of  Wheat 

There  are  several  other  maggots  closely  related  to  the  wheat-stem  maggot  which 
feed  on  and  sometimes  damage  wheat.      They  are  seldom  of  much  importance  and  so 
far  as  known  have  somewhat  the  same  life  histories  as  that  of  the  wheat-stem  maggot. 
'No  special  methods  of  control  have  been  developed  for  these  insects. 

Wheat  Midge1 

Importance  and  Type  of  Injury.     Injury  by  this  insect  is  confined  entirely  to  the 
heads  of  wheat,  and  occurs  after  they  begin  to  till.      Infested  heads  will  show  shrunken 
1  Thccodi ptosis  mosellana  Gehin,  Order  Diptera,  Family  Cecidomyiida\ 
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kernels  at  the  time  of  harvest.     In  cases  where  the  infestation  is  very  heavy,  man} 

small,  orange-yellow  maggots,  up  to  '  {->  inch  long,  will  he  clustered  around  the  bracts 
of  the  wheat  head,  soiuetiines  so  thick  as  to  give  the  whole  head  a  reddish  appearance. 
Heavily  infested  fields  may  have  the  grain  so  damaged  that  it  is  suitable  only  for 
chicken  feed,  or  is  almost  entirely  destroyed. 

Plants  Attacked. — Wheat,  rye,  barley,  and  oats. 

Distribution. — The  wheat  midge  is  a  European  insect  which  was  probably  intro- 
duced into  America  some  time  about  1815  to  1820,  in  the  Province  of  Quebec.  It  has 
spread  practically  throughout  the  wheat-growing  belt  of  North  America  east  of  the 
Rocky  Mountains,  and  into  British  Columbia  and  Washington.  It  is  more  serious 
in  the  northern  part  of  its  range. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the  pupal  stage; 
inside  a  very  small  brown  puparium  just  below  the  surface  of  the  ground.  The  adult 
flies  are  very  small,  orange-yellow  gnats,  only  about  ^fo  inch  long.  They  emerge 
from  the  overwintering  puparia  during  the  latter  part  of  May  and  June,  and  the  females 
deposit  their  eggs  about  the  green  kernels  of  wheat  and  in  the  bracts  of  the  wheal 
heads.  These  hatch  into  tiny  reddish  maggots  that  feed  on  the  growing  wheat  grains. 
and  usually  become'  full-grown  shortly  before  wheat  harvest,  when  they  drop  to  the 
ground,  and,  working  their  way  below  the  surface,  change  to  the  puparia.  There  is 
but  one  generation  a  year. 

Control  Measures. — The  best  control  measures  are  to  plow  under  the  stubble 
after  threshing  and  burn  the  litter  where  the  separator  has  stood.  Rotation  of  crops 
also  is  of  some  value,  as  the  adult  wheat  midge  is  a  very  frail  insect  and  can  fly  only 
comparatively  short  distances. 

References. — Rept.  N.  Y.  State  Entomol,  1923;  Purdue  Agr.  Exp.  Sta.  Circ.  82,  1918. 

Chinch  Bug1 

Importance  and  Type  of  Injury. — Wheat  fields  infested  with  the 
chinch  bug  show  a  deadening  and  drying  out  of  the  plants  early  in  the 
spring.  As  the  wheat  begins  to  head,  deadened  areas  will  appear  over 
the  fields.  Usually  these  areas  are  in  the  spots  where  the  soil  is  the 
poorest  or  where  the  stand  of  wheat  has  been  partly  killed  out  by  the  win- 
ter or  by  heavy  rains  early  in  the  spring.  Thus  in  dry  years  these  spots  will 
usually  appear  in  the  higher  parts  of  the  field,  while  following  wet  springs 
they  will  usually  be  noticed  in  the  low,  wet  spots.  The  chinch  bug  is  a 
sun-loving  insect,  and  always  seeks  the  spots  in  the  field  where  the  crop 
is  thin.  Numerous,  red,  dark-brown,  gray,  or  black-and-white  bugs, 
from  very  small  up  to  j-5  inch  long,  will  be  found  in  hoards  about  the 
bases  of  plants  in  and  around  the  margins  of  the  injured  area  where 
they  are  sucking  the  sap  from  the  growing  crop.  For  full  description 
of  the  chinch  bug,  see  Corn  Insects,  page  344. 

Control  Measures. — No  effective  practical  control  has  been  developed 
which  will  rid  infested  wheat  fields  of  the  chinch  bug.  The  best  measure 
for  reducing  damage  to  wheat  in  years  when  chinch  bugs  are  abundant 
and  in  areas  where  this  can  be  practiced,  is  a  general  burning  out  of  the 
bugs  in  their  winter  quarters.  The  sowing  of  wheat  on  fertile  soil,  which 
will  promote  a  heavy  growth,  is  of  value,  as  chinch  bugs  avoid  shade 

1  Blissus  leucopterus  (Say),  Order  Hemiptera,  Family  Lyga?ida3. 
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and  dampness  and  will  not  be  Found  in  large  numbers  in  fields  having 
good  stands  of  wheat  wit  1 1  a  strong  uniform  growth.     Sowing  clovers  in 

wheat  will  also  help  to  keep  down  the  number  of  bugs  in  the  field,  as 
the  growth  of  these  plant s  shades  (he  ground.  Very  few  chinch  bugs 
spend  the  winter  in  wheat  stubble,  so  that  burning  over  the  infested 
stubble  during  the  latter  pari  of  the  summer  is  practically  of  no  value 
for  the  control  of  these  pests. 

References.  U,  S.  Dept.  Agr.  Farmers'  Hull.  1498,  1926;  Kan.  Agr.  Exp.  Sta.  Hull. 
191.  1913;  ///.  Agr.  Exp.  Sta.  Circ.  268,  1923;  and  Bulls.  243,  1923  and  249,  1924. 

Green  Bug1 

Importance  and  Type  of  Injury. — Wheat  or  other  small-grain  fields 
infested  by  the  green  bug  usually  show  small  deadened  areas  appearing 
in  the  field  during  the  late  winter  or  early  spring.  An  examination  of 
such  areas  will  show  the  plants  swarming  with  numbers  of  tiny  green 
aphids  or  plant  lice  (Fig.  243,  A),  which  are  sucking  the  sap.  During 
periods  of  spring  weather,  favorable  to  the  aphids,  these  deadened  spots 
may  spread  rapidly  and  the  entire  field  be  killed  out. 

Plants  Attacked. — The  green  bug  feeds  on  all  the  small  grains  and 
many  of  the  wild  and  cultivated  grasses.  It  has  also  been  found  on 
rice,  corn,  sorghum,  and  several  other  cultivated  plants. 

Distribution. — The  insect  is  of  European  origin  and  was  first  recorded 
in  the  United  States  in  1882  in  Virginia.  It  has  now  spread  so  it  is 
generally  distributed  over  practically  all  of  the  United  States,  its  range 
extending  on  the  north  into  Canada.  The  green  bug  is  not  common  in 
the  New  England  states.  Its  greatest  damage  has  been  done  in  the 
large  grain-growing  states  west  of  the  Mississippi,  including  Oklahoma, 
Texas,  Kansas,  and  Nebraska. 

Life  History,  Appearance,  and  Habits. — In  the  southern  states  this 
insect  passes  the  winter  in  the  active  nymphal  and  adult  stages,  feeding 
on  the  stems  of  plants  and  giving  birth  to  living  young  during  the  warmer 
periods  of  weather.  In  the  more  northern  states  the  winter  is  passed  in 
the  form  of  black,  shiny  eggs,  deposited  on  the  leaves  of  plants  on  which 
the  insect  feeds.  These  eggs  hatch  during  the  winter  or  early  spring, 
producing  numbers  of  pale  green,  wingless  female  insects,  about  }{q  inch 
in  length  when  full-grown,  and  having  a  dark  green  stripe  down  the  back 
(Fig.  243,  A).  In  from  7  to  18  days  after  hatching,  these  females  begin 
giving  birth  to  living  young.  These  may  become  either  winged  or  wing- 
less. The  winged  individuals  differ  slightly  in  appearance  from  those 
hatching  from  the  winter  eggs,  being  slightly  larger  and  with  filmy  wings 
having  an  expanse  of  about  34  inch.  The  head  is  brownish  yellow  and 
there  are  blackish  lobes  on  the  back  of  the  thorax.     In  about  15  davs  these 


1  Toxoptera  graminum  Rondani,  Order  Homoptera,  Family  Aphidida. 
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females,    in    turn,    begin   giving   birth    to   living   young,   and    the   insccis 

continue  thus,  generation  following  generation.  Bach  female  begin* 
reproducing  when  from  7  to  IS  days  old  and  continues  to  reproduce  for 
about  20  to  30  days,  giving  birth  during  this  time  to  an  average  of  from 
50  to  00  young.  It  will  be  seen  from  these  figures,  I  hat  the  rate  of  repro- 
duction is  enormous  and  almost  beyond  comprehension.  If  unattacked 
by  natural  enemies,  in  the  course  of  a  single  season  the  mass  of  aphids 
which  could  be  produced  would  be  so  great  as  to  destroy  all  vegetation 
upon  which  they  could  feed.  On  the  approach  of  cold  weather,  the  female 
aphids  give   rise   to  winged   males  and   females.     These  mate,  and  the 


Fig.  243. — The  green  bug.  A,  a  parasitized  specimen,  the  larva  of  the  parasite  showing 
through  its  body  wall.  B,  a  female  of  the  parasite,  Lysiphlebus  tcstaceipes  Cresson,  ovi- 
positing in  a  green  bug.  C,  the  dead  "shell"  of  a  green  bug  showing  the  circular  hole 
through  which  an  adult  parasite  has  emerged.  All  much  enlarged;  actual  size  about  the 
same  as  the  letters  in  this  figure.      (Modified  from  Kans.  Univ.  Bull.,  Vol.  9,  No.  2.) 


mated  females  produce  eggs,  in  which  stage  the  insect  passes  the  winter 
in  the  colder  parts  of  the  country.  A  single  female  may  at  times  both  lay 
eggs  and  give  birth  to  living  young.  There  are  from  five  to  fourteen 
generations  each  season,  all  except  the  last  being  composed  entirely  of 
females. 

Control  Measures. — The  abundance  of  this  insect  and  resultant  injury 
are  very  largely  dependent  on  weather  conditions,  and  can  be  but  little 
influenced  by  man.  No  serious  outbreak  of  the  green  bug  has  occurred 
except  when  the  preceding  summer  was  comparatively  cool  and  moist. 
The  worst  outbreaks  have  always  occurred  in  seasons  of  mild  winters 
followed  by  cool,  late  springs.  The  reason  for  this  is  that  the  green  bug 
will  start  reproducing  at  temperatures  a  little  above  40°  F.,  and  can 
reproduce  at  a  fairly  rapid  rate  at  temperatures  between  55  and  65°  F. 
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1 1  Is  preyed  upon  by  a  Dumber  of  insect  enemies,  t >i  1 1  particularly  by  a 
little  wasp1  (Fig.  243,  1$).  This  tiny  wasp  stings  the  aphids  and  deposits 
its  eggs  wit  hi n  their  bodies.  These  eggs  hatch  into  little  maggots  which 
cat  out  the  body  substance  of  the  aphid,  and  finally  emerge  as  adults, 
through  a.  hole  cut  in  the  hack  of  the  aphid  (Fig.  243,  C).     These  wasps 

arc  practically  always  present  in  areas  where  the  green  bug  is  abundant. 
When  the  temperature  is  below  ().">°  F.,  the  wasp  will  reproduce  very 
slowly  or  hardly  at  all.  Long  periods  of  cool,  wet  weather  thus  permit 
the  green  bug  to  increase  in  enormous  numbers  while  its  most  effective 
natural  enemy  can  increase  only  very  slowly.  This  relationship  between 
the  two  insects,  and  the  effect  of  the  weather  upon  them,  is  apparently 
responsible  for  the  abundance  of  the  aphids  during  the  years  of  mild 
winters  and  cool  springs.  In  normal  years  the  wasp-like  parasites  repro- 
duce at  a  sufficiently  rapid  rate  to  hold  down  excessive  abundance  of  the 


aphids. 

Of  the  control  measures  that  can  be  exercised  by  man,  the  most  effec- 
tive  is  the  destruction  of  volunteer  grain,  especially  oats.  The  heavy 
masses  of  volunteer  oats  in  the  spring,  with  their  thick  growth,  are 
particularly  favorable  to  the  aphids  and  they  will  often  start  in  fields 
'  having  an  abundance  of  such  volunteer  grain  and  with  favorable  weather 
spread  from  these  centers  over  adjoining  areas.  It  has  been  suggested 
that  the  green  bug  can  be  killed  by  covering  the  first  brown  spots  in  the 
field  with  straw  and  burning  the  straw.  This  method,  however,  is  not 
practical  under  most  conditions. 

References. — Bull.  Univ.  Kan.,  Vol.  9,  No.  2,  1909;  U.  S.  Dept.  Agr.  Farmers1 
Bull.  1217,  1921;  U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  110,  1912. 

English  Grain  Aphid2 

I mportance  and  Type  of  Injury. — Grain  infested  by  the  English  grain  aphid  will 
show  somewhat  the  same  appearance  as  that  infested  by  the  green  bug.  However, 
the  infestation  is  not  usually  confined  to  small  spots  in  the  field.  After  the  wheat  or 
small  grain  hegins  to  head,  very  large  numbers  of  these  aphids  will  often  be  found 
clustered  in  the  bracts  of  the  wheat  heads,  or  in  the  heads  of  other  grain  (Figs.  244  and 
245).  Their  feeding  may  shrivel  the  growing  wheat  kernels  and  in  the  early  spring 
cause  the  death  of  the  wheat  plants. 

Plants  Attacked. — This  insect  feeds  on  all  of  the  small  grains  and  many  of  the  wild 
and  cultivated  grasses.  It  has  been  found  in  small  numbers  on  corn,  but  is  not  an 
important  pest  of  this,  plant. 

Distribution. — The  English  grain  louse  is  generally  distributed  throughout  the 
I'nited  States  and  southern  Canada  wherever  small  grains  are  grown. 

Life  History,  Appearance,  and  Habits — This  insect  passes  the  winter  mainly  in  the 
fully  or  partly  grown  stages.  A  few  individuals  go  through  the  winter  in  the  egg 
stage.  It  will  be  found  in  the  heaviest  growth  of  grain  and  especially  in  clumps  of 
volunteer  oats,  rye,  or  wheat  that  has  made  a  rank  growth.     The  overwintering  forms 

1  Li/siphlebus  testaceipes  Cresson,  Order  Hymenoptera,  Family  Braconida-. 
-  Mucrosi pit uin  granarium  (Kirby),  Order  Homoptera,  Family  Aphididse. 
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are  all  females,  and  as  the  weather  becomes  warm  in  the  spring,  they  begin  giving 
birth  to  living  young  winch  may  become  winged  or  wingless.  They  feed  <  1  tuin^  the 
early  spring  on  the  growing  grams,  Bucking  the  sap  from  the  leaves  and  Btems.     As 

the  heads  begin  to  form,  many  of  the  aphids  will  gather  in  the  heads, 
causing  shriveling  and  shrinking  of  I  he  newly  formed  grain.  After  the 
harvest  of  small  grains  the  insects  migrate  to  wild  or  cultivated  gra 
where  they  spend  the  summer.  In  the  fall,  after  the  winter  grains 
are  planted,  they  go  back  to  them,  or,  as  above  stated,  gat  her  in  large 
numbers  in  clumps  of  volunteer  grain.  The  males  appear  during  the 
fall  and  early  winter  and  mate  with  the  true  females,  which  lay  eggs 
OH  the  grains  when1  they  have  been  feeding.  Only  a  comparatively 
Bmall  number  of  eggs  are  laid,  the  average  number  being  about  eight. 
The  wingless  females  are  of  a  pale-green  color  with  long  black  antenna- 
and  have  a  long  black  cornicle  extending  backwards  from  each  side 

of  the  abdomen.  The  winged  in- 
dividuals are  about  the  same  size 
and  of  the  same  general  color. 
The  lobes  on  the  thorax,  however, 
are  brown  or  blackish.  The  wing 
expanse  is  a  little  over  }±  inch. 

Control  Measures. — As  is  the 
case  with  the  green  bug,  we  are 
largely  dependent  upon  natural 
enemies  for  the  control  of  this 
insect.  It  is  usually  held  in  check 
by  several  parasites,  and  by  lady 
beetles,  and  other  aphid  eaters. 
During  cool  springs,  it  may  become 
sufficiently  abundant  to  cause  dam- 
age. Destruction  of  volunteer 
grain  in  the  fall  is  of  value  in  con- 
trolling this  species. 

Reference. — Jour.  Agr.  Research, 
Vol.  7,  pp.  463-480,  1916. 

Army  Worm1 

Importance  and  Type  of  Injury. 
Army  worms  are  most  apt  to  be 
destructive  to  wheat  and  other 
small  grains  when  wet  weather  has 
caused  a  rank  growth  in  the  fields. 
The  female  moths  lay  their  eggs  in 
large  numbers  among  the  rank  or 
lodged  grain  in  the  fields  and  the 
worms  hatching  from  these  eggs 
may  suddenly  appear  in  such  num- 
bers as  completely  to  strip  the 
leaves  from  the  grain  and  then 
description  of  this  insect,  see  Corn 


Fig.  244.— A 
head  of  wheat 
infested  by  the 
English  grain 
aphid,  Macrosi- 
phum  granarium 
(Kirby).  (From 
III.  State  Nat. 
Hist.  Sur.) 


Fig.  245.— The  English 
grain  aphid  clustered  about 
the  bracts  of  a  wheat  head, 
enlarged  about  three  and  one- 
half  times.  (From  III.  State 
Nat.  Hist.  Sur.) 


crawl   out   into  other  near-by   fields. 
Insects,  page  3 IS. 


For  full 


1  Cirphis  unipuncta  Haworth,  Order  Lepidoptera,  Family  Noctuida*. 
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Control  Measures.  In  wheat  and  other  small  grain  fields,  the  only  method  of  con- 
trolling the  army  worm  is  to  watch  the  fields  closely  in  yean  when  the  moths  are 
known  to  be  abundant  and  if  the  worms  are  found  in  the  Held-,  apply  poison  bran 
at  once  (see  p.  319). 

Wheat-head  Army  Worm1 

Importance  and  Type  of  Injury.  Wheat,  shortly  after  it  is  headed,  may  have  parts 
of  t  he  heads  eaten  off  at  night  by  grayish  or  greenish-gray,  white-sl  riped  worm-  which 


Fig.  246. — -The  wheat  head  army  worm,  nearly  full-grown  larva*  feeding  on  heads  of 
wheat,  about  natural  size.  The  upper  left-hand  worm  shows  th<>  egg  of  a  parasite  on  its 
hack.      (From  III.  State  Xat.  II ist.  Sur.) 

remain  hidden  around  the  base  of  the  plant  during  the  day  (Fig.  246).  These  are  the 
larva'  of  the  wheat-head  army  worm. 

Plants  Attacked. — The  insects  feed  mainly  on  timothy  and  wheat.  They  also 
attack  some  other  grains  and  grasses. 

Distribution. — General  throughout  the  eastern  United  State-  and  Canada  and 
westward  into  Colorado,  New  Mexico  and  Arizona.     More  abundant  in  the  northern 

.Mates. 

1  Neleuaiuin  aUrilinea  Hiibner,  Order  Lepidoptera.  Family  Noctuidas. 
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History,  Appearance,  and  Habit*. — The  insect  passes  the  winter  in  the  pupal 

stage  in  the  ground  and  has  practically  the  Bame  life  history  as  the  true  limy  wunn, 

there  being  from  two  to  three  generations  each  season. 

Control  Measures. —  The  control  measures  tor  this  insect  are  the  same  as  those  for 
the  true  army  worm.  If  the  insects  become  al>imd:mt  in  fields  of  wheat,  they  can  he 
readily  poisoned  by  using  the  same  bait  as  recommended  for  the  control  of  the 
army  worm. 

References. — Jour.  Econ.  Entomol.  Vol.  4,  p.  176,  1911;  Iowa  Agr.  Exp.  Sta.  Butt, 
122,  1911. 

Western  Wheat-stem  Sawfly1 

Importance  and  Type  of  Injury. — Wheat  infested  by  this  sawfly  will 
show  fallen  straw  in  much  the  same  manner  as  fields  infested  by  Hessian 
fly  or  joint  worm.  Examination  of  the  straw  will  show  the  inside  filled 
with  fine  sawdust-like  cuttings,  among  which  will  be  found  a  wrinkled- 
bodied,  nearly  legless,  brown-headed  larva  about  Y^  inch  long,  of  a  pale 
yellow  color. 

Plants  Attacked. — Wheat,  spring  rye,  barley,  timothy,  quack  grass, 
and  some  of  the  native  grasses. 

Distribution. — The  insect  is  native  to  North  America  and  is  most 
destructive  in  the  northern  wheat-growing  states  west  of  the  Mississippi 
River. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  as  a 
mature  larva  in  the  base  of  the  wheat  straw  near  the  surface  of  the  soil. 
In  the  spring,  the  larva  transforms  to  a  pupa  inside  the  wheat  straw  and 
the  adult  emerges  during  June.  The  adult  is  wasp-like  in  appearance, 
black,  with  yellow  rings  on  the  abdominal  segments.  The  females  lay 
their  eggs  by  thrusting  them  into  the  plant  tissues  on  the  upper  parts  of 
the  wheat  stem.  The  larva  feeds  within  the  stem,  boring  down  through 
the  joints,  and,  by  late  summer,  has  reached  the  lower  parts  of  the  plant 
close  to  the  surface  of  the  ground.     Here  it  remains  during  the  winter. 

Control  Measures. — Plowing  under  infested  stubble  in  the  fall,  making 
sure  that  it  is  thoroughly  turned  under  to  a  depth  of  5  or  6  inches  is  the 
best  method  of  control.  The  overwintering  larvae  remain  so  close  to  the 
surface  of  the  soil  that  it  is  impossible  to  kill  many  of  them  by  burning. 
Cutting  grains  as  early  as  possible  without  seriously  affecting  the  yield  or 
grade  of  wheat  does  much  to  reduce  damage  by  this  insect.  Rotation  of 
crops  which  will  put  some  immune  crops,  as  corn,  winter  rye,  alfalfa,  or 
sweet  clover,  on  the  wheat-stubble  land,  is  also  a  help  in  combatting  this 
insect. 

References— U.  S.  Dept.  Agr.  Dept.  Bull.  841,  1920;  U.  S.  Dept.  Agr.  Bur.  Entomol. 
Circ.  117,  1910;  Doth.  Canada  Dept.  Agr.  Pamphlet  6,  n.  s.,  1922. 

1  Cephus  ductus  Norton,  Order  Hymenoptera,  Family  Cephidae. 
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Sawflies  That  Feed  on  the  Wheat  Leaves' 

There  are  Beveral  Bpecies  <>f  sawflies  that  feed  on  the  leaves  of  wheat.  In  nil  of 
these  il>t'  larva*  may  be  recognised  by  their  wrinkled  bodies,  in  most  cases  of  a  pale- 
green  color,  and  by  the  Dumber  <>f  abdominal  prolegs  of  which  there  are  always  six 
pairs  or  more.  They  occur  throughout  the  wheat-growing  areas  <>f  the  country,  buf 
are  seldom  it"  ever  of  economic  importance.  Occasionally,  some  of  these  Bpecies  will 
become  abundant  enough  partially  to  strip  the  plants  of  leaves,  but,  as  this  stripping 

doe-  not  occur  until  the  wheat  head  is  partially  filled,  it  has  hut  little  effect  on  the 
yield  of  the  grain.  They  are,  in  general,  heavily  parasitized,  and  no  special  control 
measures  are  necessary  to  keep  down  their  numbers. 

Wheat  Strawworm2 

Importance  and  Type  of  Injury. — Injury  by  this  insect  is  of  two  dis- 
tinct kinds:  that  caused  by  the  first  generation  larva?  in  young  plants 
in  early  spring,  and  the  later  injury  by  the  second  generation,  in  the 
maturing  straw.  In  the  spring,  plants  attacked  by  the  wheat  straw- 
worm  show  a  stunted  appearance;  the  crown  of  the  plant  is  usually  eaten 
out,  including  the  developing  head,  and  the  plant  killed  or  so  injured  that 
no  head  is  produced.  The  later  injury,  after  the  plant  has  started  to 
form  joints,  has  a  somewhat  stunting  effect,  weakening  the  straw, 
although  a  head  may  be  produced. 

Plants  Attacked. — Wheat. 

Distribution. — The  insect  is  generally  distributed  in  the  wheat-growing 
regions  west  of  the  Mississippi  River,  and  is  found  in  small  numbers,  but 
is  rarely  destructive,  in  the  states  east  of  the  Mississippi  River. 

Life  History,  Appearance,  and  Habits. — The  insect  passes  the  winter  in 
the  pupal  stage  in  the  stubble.  In  the  early  spring  the  adult  insects 
gnaw  small  round  holes  in  the  straw,  through  which  they  emerge.  Usu- 
ally emergence  takes  place  during  April  or,  in  early  springs,  in  March. 
These  adults  from  the  overwintering  pupae  are  wingless  and  about  }^  inch 
in  length.  The  general  color  of  most  of  the  insects  is  brownish.  They 
have  much  the  appearance  of  ants.  Upon  examination  with  a  lens  their 
bodies  will  be  seen  to  be  quite  hairy.  They  deposit  their  eggs  in  the  stem 
walls  at  the  base  of  the  young  wheat  plants  a  little  above  the  ground. 
The  larvae,  on  hatching,  work  their  way  into  the  stem,  eating  off  the 
developing  head  and  preventing  the  formation  of  any  tillers  on  the  plant. 
The  larva',  which  are  yellowish,  legless,  with  small  heads,  and  only  about 
1 .-,  inch  long,  become  full-grown  the  latter  part  of  April  or  first  of  May. 
They  pupate  within  the  plant  and  emerge  as  adults  the  latter  part  of 
May.  These  adults  (Fig.  247)  are  larger  than  the  early  spring  adults,  less 
hairy,  somewhat  black  in  color,  and  are  practically  all  winged.  The 
females  deposit  their  eggs  inside  the  straw  during  the  late  spring,  usually 

1  Dnlcrus  arvetMM  Say,  Dolcrus  collaris  Say,  and  PachynemattM  extensieornis 
(Norton),  Order  Hymenoptera,  Family  TenthredinicUe. 

2  HarmoHta  grandia  Riley,  Order  Hymenoptera,  Family  Chalcidids. 
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about  the  time  the  wheal  is  heading.     In  general,  <>nlv  one  egg  is  Laid  in  a 

wheal  stem.  The  larva  feeds  within  the  stem  and  remains  in  this  stage 
during  the  summer,  either  in  the  cut  straw,  or,  if  it  was  working  in  the 
lower  part  of  the  stem,  in  the  standing  stubble.  They  change  to  the 
pupal  stage  in  midfall  and  pass  the  winter  in  this  stage.  There  are  thus 
two  generations  of  the  insect  a  year,  the  adult  females  of  the  two  genera- 
tions being  strikingly  different  in  size  and  appearance. 

Control    Measures.      As    the    majority    of    the    adults    of    the    spring 
generation,  which  is  by  far  the  most  destructive,  are  wingless,  and  those 


Fig.  247. — Adult  female  of  the  summer  generation  of  wheat  strawworm,  greatly  enlarged. 
Lino  shows  natural  size.      (From  U.  S.  D.  A.  Dept.  Bull.  808.) 

of  the  summer  brood  are  not  strong  fliers,  one  of  the  best  methods  of 
controlling  this  insect  is  by  rotation  of  crops.  It  is  impossible  for  the 
spring  brood  to  crawl  any  great  distance  from  the  infested  stubble. 
Baling  and  shipping  infested  straw  to  cities  or  towns,  is  also  a  help  in 
reducing  the  numbers  of  this  pest.  Many  of  the  overwintering  pupae 
may  be  destroyed  where  the  stubble  can  be  closely  burned. 

References.— U.  S.  Dept.  Agr.  Dept.  Bull.  808,   1920;   V .  S.  Dept.  Agr.  Farmers' 
Bull.  1323,  1923;  U.  S.  Dept.  Agr.  Dept.  Bull.  1137,  1923. 


Wheat  Jointworm1 

Importance  and  Type  of  Injury. — In  the  large  wheat-growing  areas 
east  of  the  Mississippi,  the  wheat  jointworm  is  probably  second  in 
importance  only  to  the  Hessian  fly  as  an  insect  pest  of  wheat.     Infested 

1  Harmolita  tritici  Fitch,  Order  Hymenoptera,  Family  Ohalcididae. 
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Holds  just  before  harvest  time  will  show  many  of  the  straws  broken  off 
and  benl  over  in  a  manner  similar  to  fields  infested  by  the  Hessian 

fly,  An  examination  of  the  fallen  straws  will  show  numerous,  hard, 
gall-like  BWellingS  filling  the  entire  Straw,  Usually  JUSl  above  the  joints 
(Fig.  248).  Inside  these  swellings,  in  oval  cavities,  arc  small,  yellowish 
maggots  about   '  7  to  ' ,;  inch  in  lengl  h.      When  infested  fields  are  t  hreshed, 

many  small  bits  of  broken  straw  containing  these  galls  will  come  through 
into  the  grain  or  be  thrown  out  in  large  numbers  around  the  separator. 


Fig.  248. — Characteristic  galls  in  wheat  straws  caused  by  the  wheat  joint  worm,  Bhowing 
exit  holes  of  adults  or  parasites;  about  natural  size.      (From  U.  S.  D.  A.  Dcpt.  Bull.  808.) 

Plants  Attacked. — Wheat  is  the  only  host  known  in  the  East  but  it  is 
reported  from  grass  in  California. 

Distribution. — The  wheat  jointworm  is  a  native  insect,  and  is  generally 
distributed  in  the  states  east  of  the  Mississippi.  Its  range  extends, 
however,  into  some  of  the  states  west  of  the  Mississippi,  but  it  has 
caused  little  damage  in  this  area  except  in  Missouri. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
gall-like,  hardened  swellings  inside  the  wheat  straw,  the  insect  being 
in  the  pupal  or  larval  stage,  mainly  in  the  former.  Those  that  have 
passed  the  winter  in  the  larval  stage  change  to  pupae  early  in  the  spring, 
and  all  emerge  as  adults  about  the  time  the  active  growth  period  of  the 
wheat  starts,  or  the  plants  are  beginning  to  form  joints.  The  adult 
insects  are  about  Jio  to  )£  inch  in  length,  and  are  jet  black  with  the 
exception  of  the  joints  of  the  legs  and  two  spots  on  the  shoulders  which 
are  yellow.  The  females  after  mating  insert  their  eggs  just  above  the 
wheat    joints  and   inside   the   Btraw    (Fig.   249),      They   drill   a    tiny   hole 
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into  the  wall  of  the  straw  by  means  of  a  stiff,  hair-like  ovipositor  attached 
to  the  underside  of  the  abdomen.  Usually  a  number  of  eggs  are  laid  in 
one  place,  sometimes  as  many  as  25.  Occasionally,  only  one  egg  will 
be  deposited  in  a  plant.  The  larvae  feed  within  the  walls  of  the  straw 
and  the  irritation  set  up  by  this  feeding  causes  the  straw  to  thicken,  each 
larva  being  separated  from  the  others  in  a  little  cavity  of  its  own.  Often 
the  swellings  around  the  larvae  cause  the  straw  to  twist  or  the  formation 
of  the  galls  makes  the  straw  so  brittle  that  it  is  broken  over  in  the  field. 
The  larvae  complete  their  growth  about  the  time  the  wheat  matures,  but 
remain  in  the  larval  condition  inside  the  straw  until  fall,  when  most  of 
them  pupate.  The  height  of  the  jointworms  inside  the  straw  will  vary 
in  different  seasons.     Sometimes  the  galls  will  be  just  above  the  first 


Fig.  249.      Adult  female  jointworm  with  her  ovipositor  thrust  through  the  loaf  sheath  into 
the  straw.      Enlarged  about  six  times.      (From  Ohio  Agr.  Exp.  Sta.  Bull.  226.) 


joint,  within  8  or  10  inches  of  the  surface  of  the  ground,  and  at  other 
times  the  galls  may  be  as  high  as  the  third  joint,  and  will,  therefore,  be 
cut  off  with  the  straw  when  the  wheat  is  harvested.  The  variation  in 
the  height  of  the  galls  is  due  to  the  difference  in  the  development  of  the 
plant  at  the  time  the  eggs  are  deposited,  the  females  tending  to  lay  their 
eggs  in  the  uppermost  parts  of  the  plant. 

Control  Measures. — If  wheat  stubble  can  be  thoroughly  burned, 
practically  all  of  the  overwintering  jointworms  remaining  in  the  stubble 
may  be  killed.  Plowing  the  infested  stubble  under  shortly  after  harvest, 
being  sure  that  all  stubble  is  turned  under  to  a  depth  of  5  or  6  inches,  is 
a  good  control  measure.  In  seasons  when  the  larvae  are  well  up  in  the 
straw,  it  is  possible  by  cutting  the  wheat  low  to  remove  nearly  all  of 
the  insects  in  the  straw.  Such  straw  may  then  be  baled  and  sold  for 
use  in  cities  or,  if  it  cannot  be  disposed  of  in  this  way,  it  should  be  burned. 
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Rotation  of  crops,  putting  any  other  crop  than  wheat  on  the  land,  also 
may  he  of  some  help  in  reducing  the  numbers  of  this  insect .  In  ordinary 
years,  most  of  the  infestation  originates  from  not  burning,  or  not  plowing 

under,  the  stubble  of  the  previous  season,  so  that  every  effort  should 
he  made  to  burn  or  turn  under  such  stubble  before  the  time  of  emergence 
of  the  adults  in  the  spring. 

References.— U.  S.  Deyi.  Agr.  Farmers'  Hull.  1006,  1918;  Ohio  Agr.  Exp.  Sla.  Hull. 
226,  1911;  U.  S.  Dcpt.  Agr.  Dcpt.  Hull.  808,  1920. 

Grasshoppers 

Grasshoppers,  when  abundant,  especially  in  the  spring-wheat-growing  sections, 
frequently  cause  severe  injury  to  the  wheat  by  eating  off  the  bracts  or  sometimes 
cut  ting  off  newly  formed  heads.  As  a  rule,  severe  damage  by  grasshoppers  to  wheat 
occurs  only  in  the  western  states.  Early-sown  wheat  is  sometimes  killed  by  grass- 
hoppers' feeding  upon  it  in  the  fall.  Grasshoppers  may  be  controlled  on  wheat  by 
the  methods  given  for  controlling  these  insects  on  corn. 

For  a  full  description  of  grasshoppers,  see  Corn  Insects,  page  327. 

B.  INSECTS  THAT  ATTACK  RYE 

Rye  is  not  so  subject  to  injury  by  insects  as  is  wheat.  It  is  fed  upon 
to  a  limited  extent  by  the  Hessian  fly,  but  the  injury  to  rye  is  not  nearly 
so  severe.  In  one  case  where  comparisons  could  be  made  of  the  number 
of  eggs  laid  on  wheat  and  rye,  in  adjoining  strips  alternating  through 
a  field,  it  was  found  that  only  about  one-sixth  as  many  eggs  of  the 
Hessian  fly  were  laid  on  the  rye  as  on  the  wheat.  The  Hessian-fly 
maggots  seem  to  have  greater  difficulty  in  developing  on  rye  than  on 
wheat.     The  same  control  measures  apply  as  on  wheat. 

Rye  is  especially  subject  to  attack  by  chinch  bugs,  unless  the  stand 
is  heavy  so  that  the  bugs  are  repelled  by  the  shady  condition.  It  is  also 
subject  to  the  attack  of  the  sawflies  and  jointworm.  None  of  these 
insects  are  serious  pests  on  rye. 

C.  INSECTS  THAT  ATTACK  OATS 

Oats  are  comparatively  free  from  serious  insect  injury.  They  suffer 
more  severely  perhaps  than  other  small  grains  during  outbreaks  of 
army  worms.  Oats  are  never  attacked  by  the  Hessian  fly.  In  most 
years,  oats  have  not  made  sufficient  growth  to  be  attractive  to  chinch 
bugs  when  they  leave  their  winter  quarters,  and,  therefore,  escape 
injury,  except  such  as  may  occur  from  migrating  bugs  at  wheat  harvest. 
In  years  when  the  English  grain  louse  is  abundant,  it  sometimes  severely 
injures  oats. 

D. INSECTS  THAT  ATTACK  BARLEY 

Barley  is  somewhat  more  subject  to  insect  injury  than  oats.  It  is 
one  of  the  favorite  foods  of  the  chinch  hug.  and  fields  of  barley  growing 
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in  areas  generally  infested  by  the  chinch  bug  are  usually  more  severely 

injured  and  contain  greater  numbers  of  these  inseets  than  adjoining  or 
near-by  fields  of  rye,  oats,  or  wheat.  Barley  is  also  fed  upon  to  BOme 
extent  by  the  Hessian  fly,  although  it  does  not  damage  this  crop  to 
nearly  the  extent  that  it  does  wheat.  Army  worms,  grasshoppers,  stem 
maggots  and  aphids  also  attack  barley.  For  the  control  of  these  insects, 
see  the  discussions  under  Wheat. 

E.  INSECTS  THAT  ATTACK  TIMOTHY,  BLUE  GRASS,  RED  TOP,  AND  OTHER 

GRASSES 

Nearly  all  of  the  insects  that  attack  this  group  of  crops  attack  also 
corn,  and  have  been  fully  treated  as  pests  of  that  crop.  A  few  of  these 
insects  may  be  controlled  on  grasses  by  special  measures  not  applicable 
to  the  pests  on  corn.  White  grubs,  wireworms,  billbugs,  and  cutworms 
are  all  pests  of  grasses,  attacking  the  roots  underground  or,  in  the  case 
of  timothy,  the  bulb  of  the  lower  part  of  the  stalk.  They  may  be  con- 
trolled by  rotating  grass  lands,  where  this  can  be  done;  or  by  pasturing 
grass  lands  with  hogs  in  the  case  of  white  grubs.  And  they  may  be 
reduced  to  some  extent  by  sowing  pastures  and  other  permanent  grass 
lands  with  mixtures  of  grasses  and  legumes. 

Grasses,  above  ground,  are  particularly  liable  to  attack  by  grass- 
hoppers, crickets,  chinch  bugs,  army  worm,  wheat-head  army  worm,  and 
sod  webworms.  The  measures  given  for  control  of  these  insect  pests  on 
corn  and  small  grains  will  be  found  effective  for  combating  them  on 
grasses.  In  some  of  the  western  states,  the  range  caterpillar1  has  caused 
considerable  damage  to  grasses.  It  has  been  found  possible  to  control 
it  to  some  extent  by  introducing  parasites  and  by  cultural  practices. 

Occasionally  large,  dark-colored,  thick-skinned  maggots  will  be 
found  around  the  roots  of  grasses  in  pastures.  These  maggots  are  the 
young  of  the  crane  flies.2  They  are  often  called  " leather  jackets."  In 
most  cases  these  insects  are  entirely  harmless,  feeding  only  on  the 
decaying  vegetable  matter  in  the  soil.  One  species,  the  range  crane 
fly,3  has  occasionally  been  destructive  in  the  West. 

F.  INSECTS    THAT   ATTACK    SORGHUM,    MILLET,    SUDAN    GRASS,    AND 

BROOM  CORN 

The  insects  attacking  these  grasses  and  forage  crops  are  the  same  as 
those  attacking  corn.  The  corn  leaf  aphid  occasionally  causes  consider- 
able damage  to  broom  corn  because  of  the  discoloration  of  the  broom- 

1  Hemileuca  olivice  Cockerell,  Order  Lepidoptera,  Family  Saturniidse.  See  U.  S. 
Dept.  Agr.  Bur.  Entonwl.  Bull.  85,  Part  V,  p.  59,  1910. 

2  Many  genera  and  species,  Order  Diptera,  Family  Tipulidae  (see  U.  S.  Dept.  Agr. 
Bur.  Entomol.  Bull.  85,  1910). 

3  Tipula  simplex  Doane,  Order  Diptera,  Family  Tipulidse  (see  U.  S.  Dept.  Agr. 
Dipt.  Cite.  172,  1921). 
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coin  head.  Chinch  bugs  arc  very  serious  pests  of  millel  and  Sudan 
grass,  making  it  almost  impossible  to  grow  either  of  these  crops  in  areas 
where  i he  bugs  are  very  abundant.  They  also  find  Sudan  grass  an 
especially  favorable  place  in  which  to  pass  the  winter,  and  many  of  them 

hibernate  in  this  grass  in  areas  where  it  is  grown.  Millet  also  is  one  of 
the  favorite  plaees  for  second-brood  army-worm  moths  to  deposit  their 
eggs.      Control  measures  for  these  pests  are  given  undo-  Corn,  page  318. 


CHAPTKK  XIII 
INSECTS  INJURIOUS  TO  LEGUMES 

FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  CLOVERS, 
ALFALFA,  SWEET  CLOVER,  COWPEAS,  AND  SOYBEANS 

A .  Insects  that  attack  the  plant  underground: 

1.  Plants  wilt  and  die  during  periods  of  dry  weather.  Plants  are  scored  along  the 
roots  and  often  girdled  near  the  crown,  by  short-snouted,  dark-gray  or  brownish 
beetles  or  grayish-white,  legless,  brown-headed  grubs,  about  l/§  inch  long.  Injury 
most  severe  in  late  spring  and  early  fall.     Clover  root  curculio,  page  382. 

2.  Clover  plants  turn  brown,  wilt,  and  die.  No  feeding  is  apparent  above  ground 
but  roots  are  found  scored  on  the  surface  and  tunneled  through,  by  very  small,  black 
or  dark-brown,  cylindrical  beetles  or  very  small,  legless,  curved,  brown-headed  grubs 
about  ^io  mcn  l°nS-  Injury  is  most  common  in  old  stands  of  clover.  Clover  root 
borer,  page  384. 

3.  White,  curved-bodied  grubs,  about  Y  inch  long,  with  six  slender  legs  and  brown 
head  and  prothoracic  shield,  gnaw  at  the  roots;  chunky,  light-brown  beetles,  }{q  inch 
long,  feed  on  the  leaves.     Grape  colaspis,  page  385. 

B.  Insects  that  attack  the  leaves,  buds,  or  stem  above  ground: 
(a)  Chewing  insects  that  eat  away  portions  of  the  plant: 

1.  Leaves  of  clover  and  alfalfa  eaten  in  early  spring  by  green,  legless,  curled, 
narrow-headed  grubs  with  a  pale  stripe  down  the  middle  of  the  back,  up  to  Y  inch  in 
length.  The  grubs  hide  about  crown  of  plant  during  day  and  feed  at  night.  Robust, 
brown,  gray-mottled,  oval-bodied  beetles,  }i  inch  long,  with  the  thorax  and  head 
narrowed  to  a  short  snout,  feed  on  leaves  in  late  spring  and  early  fall.  Clover  leaf 
weevil,  page  385. 

2.  Alfalfa  plants  have  upper  leaves  shredded  and  growing  tips  eaten  off  in  spring 
by  dark-green  larvre  about  Y  inch  long.  Badly  infested  plants  have  a  whitened, 
bleached  appearance.  Small,  dark  brown,  grayish-mottled,  oval,  snout  beetles  about 
2 16  inch  long  feed  on  the  leaves.  Confined  to  Rocky  Mountain  region.  Alfalfa 
weevil,  page  387. 

3.  Red-clover  buds  dying  and  the  growth  of  the  plant  stunted.  Small,  pale, 
brown  or  green,  legless  grubs,  up  to  Y±  inch  long,  feed  in  the  heads  and  inside  the 
lateral  buds.  Green  or  bluish-green  snout  beetles,  about  Y  inch  long,  with  black 
heads  and  snouts,  found  on  leaves  and  stems.  Injury  occurs  in  spring  months  only, 
and  is  most  severe  during  dry  seasons.     Clover  bud  weevil,  page  390. 

4.  Long,  gray,  black,  or  striped  beetles,  from  Y  to  %  inch  long  feed  on  leaves  of 
alfalfa  during  late  summer  and  early  fall.  The  growth  of  the  plants  is  stunted  and 
the  leaves  present  a  ragged  appearance.     Blister  beetles,  page  392. 

5.  Oval  beetles  about  Y  inch  long,  green  or  greenish-yellow  in  color  and  with  six 
conspicuous  black  spots  on  each  wing  cover,  often  abundant  on  cowpeas  and  soybeans 
eating  the  leaves.     Spotted  cucumber  beetle,  page  311. 

6.  Reddish  or  yellowish  beetles,  about  }£  inch  long,  with  three  black  spots  near  the 
inner  edge  of  each  wing  cover,  eat  holes  in  the  leaves  of  cowpeas.  Slender,  white 
larvae  feed  on  the  roots  and  root  nodules.     Bean  leaf  beetle,  page  453. 
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7.  Short-snouted,  dark-gray  or  brownish  beetles,  about  '.,  inch  long,  eat  ofi"  small 
soybean  plants  on  Bpring-broken  clover  sod  as  fast  as  they  appear  through  the  ground. 
Clover  root  curc\dxof  page  382. 

S.  Alfalfa  and,  more  rarely,  clover  leaves  are  eaten  by  dark-green  caterpillars, 

about  1  inch  Long,  with  a  light  st ripe  containing  a  crimson  hair-line  along  each  side 
of  the  body.  Caterpillars  with  five  pairs  of  prologs  and  three  pairs  of  thoracic  legs. 
Sulfur-yellow  luilterllies  with  black  borders  on  the  wings  fly  about  over  the  fields. 
Alfalfa  caterpillar,  page  303. 

9.  heaves  of  clover,  alfalfa,  soybeans  and  cowpeas  eaten  off  by  light-green  worms, 
about  1  !  j  inch  Long,  with  a  narrow  white  stripe  and  a  second  faint  white  line  on  each 
side.  These  caterpillars  have  only  four  pairs  of  prolegs  in  addition  to  the  six  slender 
thoracic  Legs.  They  drop  off  the  plants  when  disturbed.  Injury  most  common  in 
southern  part  of  the  United  States.     Green  clover  worm,  page  395.    • 

10.  Leaves  and  stems  of  cowpeas  and  alfalfa  eaten  by  greenish,  white-striped 
caterpillars,  up  to  1:*4  inches  long,  sparsely  haired,  and  very  variable  in  color;  the  skin 
rough-appearing  under  a  lens.     Corn  earworm,  page  350. 

1 1.  Leaves  of  clover  or  alfalfa  eaten,  or  plant  stripped  of  foliage  and  tender  shoots, 
by  dark-green  worms  up  to  2  inches  in  length  with  light  stripes  on  the  sides  and  down 
the  middle  of  the  back.  These  caterpillars,  which  feed  at  night  and  hide  under  clods, 
stones,  or  in  heart  of  plant  during  the  day,  have  a  skin  that  appears  smooth  under 
B  lens.     Worms  often  crawl  over  the  soil  in  great  armies.     Army  worm,  page  318. 

12.  Plants  of  clover,  alfalfa,  and  other  legumes  are  cut  off  at  the  surface  of  the 
ground,  or  leaves  eaten,  by  plump,  cylindrical  worms  of  several  shades  and  markings 
up  to  13^  or  2  inches  long,  with  six  short  slender  legs  near  the  head  and  five  pairs  of 
prolegs.     Cutworms,  page  397. 

13.  Soybeans  and  cowpeas  grown  near  garden  beans  in  certain  sections  have  the 
leaves  skeletonized  by  coppery-brown  beetles,  34  inch  long,  with  eight  small  black 
spots  on  each  wing  cover;  and  by  oval,  yellow,  very  spiny  larvae  up  to  }>£  inch  long 
which  feed  from  underside  of  leaves.     Mexican  bean  beetle,  page  451. 

14.  Light  webs  of  silk  cover  alfalfa  plants  or  surface  of  ground  about  the  base 
of  the  plants  in  newly  sown  fields  in  early  fall.  Yellowish-green  worms,  up  to  1  inch 
long,  with  scattered  hairs  and  conspicuous  black  spots,  feed  on  the  leaves  and  new 
growth  within  these  webs.     Garden  webworms,  page  396. 

15.  Irregular  holes,  usually  extending  from  the  margin  of  the  leaf  inward,  made  by 
brownish  or  grayish  jumping  insects  up  to  \x/2  inches  long.     Grasshoppers,  page  398. 

(6)  Piercing-sucking  insects  that  take  the  sap  only,  causing  wilting,  whitening,  brown- 
ing, reddening  and  dying  of  the  leaves  and  stems. 

1.  Stems  and  leaves  of  clover  and  alfalfa  covered  with  small,  green  plant  lice  or 
aphids.  Plants  wilt  and  die;  leaves  and  stems  coated  with  sticky  fluid  from  the 
a  pi  lids.     Pea  aphid,  page  398. 

2.  Attack  similar  to  B  (6)1  on  cowpeas.     Cowpea  aphid  (Aphis  medicaginis  Koch). 

3.  In  the  Rocky  Mountain  states,  plants  are  stunted  and  seeds  stuck  together  in 
pellets  when  threshed,  by  an  insect  similar  to  B  (6)1.  Clover  aphid,  Anuraphis 
bakeri  (Cowen).      (See  Idaho  Agr.  Exp.  Sta.  Bull.  112,  1918.) 

4.  Leaves  of  clover  and  alfalfa  have  a  somewhat  mottled,  whitened  appearance 
due  to  many  very  fine,  white  spots.  Numerous,  elongate,  active,  wedge-shaped  bugs, 
mostly  less  than  ' .»  inch  long,  feeding  on  underside  of  leaves.  Fields  swarming  with 
these  small,  variously  colored,  flying  and  jumping  insects.     Lcafhoppcrs,  page  399. 

(c)  Insects  that  bore  in  (he  stems; 

1.  Stems  of  red  and  sweel  clover  are  swollen  or  cracked  open,  with  the  pith  eaten 
out.  Stems  sometimes  break  off.  Yellowish,  smooth-sided,  cylindrical  worms  about 
]2  inch  long  with  two  curved   hooks  at    end  of  body,  feeding  on  the  pith  in  these 
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tunnels.     Parent  beetle  b  smooth,  narrow,  hard-shelled  insect   [:i  inch  long  with  blue 
wing  rovers  and  brighl  red  head  and  prothorax.     Clover  etem  borer,  page  100. 

C,    I  usects  thai  attack  the  hauls,  flowers,  or  seeds: 

1.  Seeds  of  red  and  other  cloven  and  alfalfa  each  completely  occupied  and  later 
broken  and  cracked  open,  by  a  very  small,  fat,  white,  legless,  maggot-like  larva  that 
reaches  full  growth  inside  the  seeds.  Infested  seeds  are  often  dull-colored.  Eggs 
laid  by  very  small,  black,  four-winged,  wasp-like  insects,  '16  inch  long,  that  fly  about 
fields  and  crawl  over  the  heads.     Clover  seed  chalcid,  page  401. 

2.  Red-clover  heads  fail  to  develop  evenly,  only  a  part  of  the  pink  florets  opening, 
the  rest  of  the  head  remaining  green.  Very  small,  pinkish,  legless  maggots,  J  12  inch 
long,  feeding  on  the  outside  of  the  green  seeds  causing  them  to  shrivel  and  dry  up. 
Clover  seed  midge,  page  405. 

3.  Red-clover  heads  with  much  the  same  appearance  as  in  C,  2,  but  with  a  small, 
somewhat  hairy  caterpillar,  about  Y\  inch  long  and  with  distinct  head  and  legs,  feeding 
on  the  developing  seeds  and  destroying  many  of  the  florets  at  the  base.  Clover-head 
caterpillar,  page  403. 

4.  Cowpeas  in  the  pod,  or  in  storage,  contain  white,  footless  grubs  or  short,  chunky, 
brownish  beetles,  about  }{0  inch  long.  Both  beetles  and  grubs  feed  inside  seed,  later 
leaving  the  seed  through  a  small  round  hole.  Cowpea  weevil  or  jour-spotted  beau 
weevil,  page  408. 

A.  CLOVER  AND  ALFALFA  INSECTS 

Clover  Root  Curculio1 

There  are  several  species  of  clover  root  curculios,  or  clover  Sitones, 
that  attack  red,  sweet,  and  alsike  clover  and  alfalfa.  Our  knowledge  of 
the  different  species  is  incomplete.  Probably  the  most  important  is 
Sitona  hispidulus  Fabricius,  but  there  are  two  other  common  species.2 

Importance  and  Type  of  Injury. — Clover  or  alfalfa  plants  infested  by 
these  insects  wilt  and  often  die,  especially  during  periods  of  dry  weather. 
If  the  plant  is  dug  and  examined,  the  roots  will  be  found  scored  and  fur- 
rowed on  the  outside  with  numerous  burrows,  oftentimes  nearly  girdled 
(Fig.  250).  The  leaves  in  infested  fields  will  show  numerous  rather 
regular  areas  eaten  out,  or  the  leaves  entirely  eaten  off.  Small,  grayish- 
white,  footless,  brown-headed  grubs,  about  }  &  inch  long,  will  be  found  on 
the  roots.  Small,  grayish  or  brownish  beetles,  of  about  the  same  length, 
with  blunt,  short  snouts  (Fig.  251),  may  be  found  feeding  upon  the  leaves 
of  the  plants  during  the  day,  or  hidden  away  among  the  trash  on  the 
ground  or  around  the  crown  of  the  plant. 

Plants  Attacked. — The  insects  feed  on  all  the  common  clovers,  alfalfa, 
soybeans,  and  cowpeas,  and  doubtless  on  some  other  legumes.  White 
clover  seems  to  be  slightly  preferred  by  the  insects,  although  they  are 
often  very  abundant  on  the  other  varieties  of  clover  as  well  as  on  alfalfa. 

Distribution. — These  insects  are  quite  generally  distributed  over  the 
United  States  and  southern  Canada.     These  species  are  probably  all  of 

1  Sitona  spp.,  Order  Coleoptera,  Family  Curculionida^. 

2  Sitona  flavescetis  Marsham,  and  Sitona  crinitus  Gyllenhal. 
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European  origin,  but  have  been  known  in  North  America  for  at  least  60 
years. 

Life  History i  Appearancet  and  Habits.     The  winter  is  passed  in  the 

egg,  adult,  and  larval  stages.  Most  of  the  insects  pass  the  winter  as 
young  Larva).     In  the  spring  these  Larva?  develop  by  feeding  on  the  clover 

roots  and  crown  of  the  plant,  pupate  during  late  March  and  April  and 
emerge  during  May  and  June  as  beetles.  These  beetles  feed  actively 
for  about  1  month  or  (>  weeks,  often  when  abundant  doing  considerable 
damage  to  clover  fields.  They  become  less  active  during  the  middle  of 
the  summer,  and  although  they  remain  about  the  clover  fields,  they  feed 


Fig.  250. — Work  of  clover  root  curculio  on 
alfalfa  root,  about  three  times  natural  size. 
(From  III.  State  Nat.  Hist.  Sur.) 


Fig.  251. — Adult  clover  root 
curculio,  Sitona  flavescens  Mars- 
ham,  enlarged  about  twelve  times. 
(From  III.  State  Nat.  Hist.  Sur.) 


but  little.  In  the  early  fall  they  again  become  active,  feed  and  mate, 
and  the  females  deposit  their  eggs  about  the  crowns  of  the  plants.  The 
eggs  are  laid  at  intervals  extending  over  several  weeks,  egg  laying  often 
taking  place  as  late  as  the  middle  of  November.  Nearly  all  the  eggs 
hatch  in  the  fall  but  some  hatch  the  following  spring.  A  considerable 
number  of  beetles  survive  the  winter  and  some  eggs  are  laid  in  the  spring, 
at  least  in  the  mid-western  states. 

Control  Measures. — Practically  no  effective  control  measures  for 
combating  these  insects  have  been  developed.  Rotation  which  will 
put  infested  fields  in  a  grass  or  cultivated  crop  will  drive  out  the  beetles. 
If  the  land  is  plowed  late  in  the  fall  or  early  in  the  spring,  practically  all 
of  the  insects  in  the  field  will  be  destroyed.  If  on  the  other  hand  the 
land  is  plowed  early  in  the  fall  many  of  the  adult  beetles  will  migrate  out 
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of  the  field  and  crawl  considerable  distances  t<>  other  fields  containing 
crops  on  which  they  feed  and  survive. 

erence*      III.  Ayr.  Exp.  fifte.  Hull.  134,  1909;  U.  S.  Depi.  Ayr.  Farmers'  Bull 
649,  1915. 

Clover  Root  Bokkk1 

Importance  and  Type  of  Injury.— Infested  clover  plants  turn  brown, 
wilt,  and  die,  generally  having  the  appearance  of  suffering  from   the 

attack  of  some  disease.  An  examination  of  the 
roots,  however,  will  show  numerous  burrows  run- 
ning through  them  and  also  grooves  on  the  sur- 
face of  the  roots  (Fig.  252).  These  burrows  cut 
off  the  circulation  of  the  plant,  and  frequently  kill 
it.  Small,  white,  brown-headed,  footless  grubs, 
about  }{o  inch  long,  will  be  found  boring  in  the 
roots.  Dull  black  or  dark  brown,  somewhat  hairy, 
cylindrical,  hard-bodied  beetles,  about  Y\  2  to  Jf  o 
inch  in  length,  may  be  found  in  the  burrows  in  the 
roots  or  around  the  crown  of  the  plant. 

Plants  Attacked. — This  insect  prefers  red,  alsike, 
and  mammoth  clover.  It  has  also  been  taken  on 
white  and  sweet  clover  and  alfalfa,  but  is  appar- 
ently of  little  importance  on  the  last  three.  It  has 
been  known  to  infest  peas. 

Distribution. — The  clover  root  borer  is  dis- 
tributed over  the  United  States,  with  the  possible 
exception  of  the  southwestern  states,  and  occurs 
also  in  eastern  Canada.  It  is  of  European  origin 
and  was  probably  brought  into  this  country  some 
time  about  1870. 

Life  History,  Appearance,  and  Habits. — The 
insect  passes  the  winter  in  the  larval  and  adult 
stages,  nearly  all  the  insects  being  in  the  adult 
stage.  The  winter  is  passed  in  the  ground  in  the 
clover  roots.  In  the  spring,  the  female  beetles 
deposit  their  eggs  in  cavities  eaten  out  in  the  crown 
of  the  clover  plant,  or  on  the  sides  of  the  roots,  or 
in  burrows  inside  the  clover  roots.  Egg  laying 
extends  over  the  spring  months.  The  larvae,  upon 
hatching,  tunnel  through  the  roots,  making  irregu- 
lar, branched  burrows.  They  become  full-grown  during  late  summer 
and  transform  to  pupae  during  midfall.  All  stages  of  the  insect  can  be 
found  during  the  late  summer  and  fall  months.  There  is  but  one  genera- 
tion each  year. 

1  Hylastinus  obscurus  (Marsham),  Order  Coleoptera,  Family  Scolytidss. 


Fig.  252.— Tunnels  of 
the  clover  root  borer, 
Hylast  in  us  obscurus  ( M  ars- 
hain),  in  clover  root.  About 
natural  size.  (From  Web- 
ster, U.  S.  D.  A.) 
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Control  Measures.     The  clover  n><>t  borer  is  seldom  seriously  destruc- 
tive except  in  fields  where  clover  has  been  allowed  to  stand  more  i  baa  t  wo 

Seasons.      [fa  field  is  found  seriously  infested  by  these  insects,  there  is  no 

met  hod  of  cleaning  t  hem  out  ot  her  t  ban  plowing  up  t  he  clover  and  put  t  ing 
the  ground  in  some  non-legume  crop.  Where  clover  is  allowed  to  stand 
for  only  two  seasons,  very  little  trouble  from  this  insect  is  experienced. 

Reference. — U.  8.  Dept.  Ayr.  Bur.  Entomol.  Circ.  67,  1905. 

Grape  Colaspis 

This  insect  has  been  fully  covered  as  a  pest  of  corn,  which  is  the  crop 
most  seriously  damaged  by  it    (see  page  313).     It  sometimes  causes 


Fig.  253. — Injury  to  clover  foliage  by  beetles  of  the  grape  colaspis,  and  an  adult,  natural 

size.     (From  III.  State  Nat.  Hist.  Sur.) 

considerable  injury  to  clover  plants  by  the  feeding  of  the  grubs  on  the 
clover  roots.  The  adults  eat  the  leaves  (Fig.  253).  No  method  of 
control  on  the  clover  plant  has  been  developed. 

Clover  Leaf  Weevil1 

Importance  and  Type  of  Injury. — The  damage  by  this  insect  is  most 
apparent  in  clover  fields  during  the  early  spring.  At  this  time  of  the 
year,  the  leaves  of  the  clover  or  alfalfa  plants  will  be  found  with  smooth- 
edged  notches  eaten  out  of  their  sides,  or  occasionally  with  whole  leaves 
eaten  off.     Small,  green,  fat-bodied,  legless  larva)  will  be  found  hidden 

1  Hypcrn  punctata  (Fabricius),  Order  Coleoptera,  Family  Curculionidae. 
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away  around  the  base  of  the  clover  plants,  occasionally  feeding  on  the 
leaves.     Their  bodies  arc  nearly  always  curved  so  thai  the  head  and  tail 

nearly  touch.  There  is  a  pale,  yellowish-white  stripe,  edged  with  red, 
down  the  center  of  the  back.  The  full-grown  lar\  a-  are  approximately  !  ■> 
inch  in  length  (Fig.  254). 

Plants  Attacked. — Clover,  including  sweet  clover,  and  alfalfa  are  the 
main  plants  fed  upon  by  the  larva?  of  this  beetle.  Beans  have  been 
very  little  injured.  The  adult  insects  feed  on  a  great  variety  of  flowers, 
and  have  been  observed  in  large  numbers  on  goldenrod,  and  also  on  the 
heads  of  wheat,  as  well  as  many  of  the  common  weeds  and  flowering 
plants. 

Distribution. — This  insect  is  probably  a  native  of  southern  Europe. 
It  was  not  known  in  this  country  until  1880,  when  it  was  first  reported 


Fig.  254. — Larva  of  the  clover  Leaf  weevil,  Hypera  punctata  (Fabricius),  about  three  times 
natural  size.      (From  III.  State  Xat.  Hint.  Sur.) 


as  injuring  clover  in  New  York.     It  has  now  spread  over  most  of  the 
United  States  and  into  Canada. 

Life  History,  Appearance,  and  Habits. — This  insect  passes  the  winter 
mainly  in  the  form  of  partly  grown  larva?;  to  a  lesser  extent  in  the  egg 
stage;  and  to  a  still  lesser  extent  in  the  full-grown  or  adult  beetle  stage. 
The  overwintering  beetles  are  of  little  importance,  as  they  die  early  in 
the  spring  and  probably  never  lay  eggs  except  in  the  fall  of  the  year.  All 
eggs  have  hatched  by  early  spring  and  the  young  larvse  feed  mainly  at 
night  on  the  leaves.  During  the  day,  they  remain  well  hidden  in  trash 
on  the  surface  of  the  ground,  or  about  the  crown  of  the  plants.  The 
larvae  become  full-grown  during  late  spring  and  spin  coarse  brown  or 
greenish-brown  cocoons  just  beneath  the  ground  surface  or  about  the 
crowns  of  the  plants,  or  occasionally  on  the  stems  of  the  leaves.  These 
cocoons  are  thin,  about  }i  inch  in  length,  and  have  the  appearance  of 
a  coarse  network  of  somewhat  stiff  threads.  The  pupal  stage  is  passed 
in  this  cocoon,  the  adult  beetle  coming  out  in  early  summer.  The 
beetles  are  dark  brown,  flecked  with  black  on  the  back  and  paler  brown 
underneath.  A  strong,  robust  snout  projects  from  the  head  (Fig.  255). 
The  beetles  feed  quite  actively  for  a  short  time  after  emerging  from  the 
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COCOOn,   and   then   become  rather  sluggish  and   feed   hut    little  until   fall; 

they  again  become  active  in  the  fall,  mating  takes  place,  and  the  females 
lay  their  eggs  mainly  during  October.    The  eggs  are  pale  yellow  in 

color,   and   are   deposited    in    the   stems   of   the    leaves,   on    the   stalks,   or 

about  the  crown  of  the  food  plant.     Most  of  these  eggs  hatch  during 
the  late  fall,  hut  a  few  of  them  do  not  hatch  until  the  following  Bpring. 

Control  Measures. — It  is  difficult  to  apply  any  direct  control  measure 
to  fields  infested  by  these  insects  that  will  kill  the  hectics  without  Injuring 
the  plants.      In  most  seasons,  the  insects  are  held  in  check  by  a  fundus 


Fig.  255. — Adult  of  the  clover  leaf  weevil,  Hypera  punctata  (Fabricius),  about  six  times 
natural  size.      {From  III.  State  Nat.  Hist.  Sur.) 

disease  which  attacks  the  larvae.  The  larvae  infested  with  this  disease 
turn  yellowish  and  later  brownish  in  color,  and  usually  remain  curled 
around  the  tips  of  the  leaves  during  the  daytime,  not  hiding  away  as  do 
the  healthy  larvae.  Where  numbers  of  the  insect  are  found  in  this 
condition,  one  may  be  sure  that  little  damage  to  the  crop  will  result, 
although  the  wTeevils  may  be  very  abundant  in  the  field.  Clover  fields 
that  are  found  very  heavily  infested  early  in  the  spring,  so  that  growth 
has  practically  stopped  and  the  plants  are  being  killed,  should  be  plowed 
up  and  planted  to  some  of  the  grass  crops,  or,  where  possible,  to  small 
grain.     The  insects  are  very  difficult  to  poison. 

References.— III.  Agr.  Exp.  Stn.  Bull.  134,  1909;  U.  S.  Dept.  Agr.  Dept.  Bull.  922, 
1920;  N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  411,  1922. 

Alfalfa  Weevil1 

Importance  and  Type  of  Injury. — During  recent  years,  this  insect  lias 
become    the    most    important    alfalfa    pest     in    the    United    Stales.      The 
1  Phytonotntu  posticus  (Gyllenhal),  Order  Coleoptera,  Family  Curculionidse. 
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plants  attacked  show  a  skeletonizing  or  shredding  of  the  tips  of  the  new 
growth,  this  injury  increasing  from  early  spring  until  shortly  before  tin- 
time  of  the  Brs1  cutting  of  alfalfa.  In  heavily  infested  fields,  the  growing 
tips  are  eaten  off,  the  growth  of  the  plants  stunted,  and  the  green  part 
of  the  leaves  eaten  out  to  such  an  extent  that  the  fields  appear  to  be 
Buffering  from  severe  frost  injury,  presenting  a  bleached-out  appearance. 
The  plants  are  covered  with  green  larva4  a  little  less  than   ]<2  inch  long 


Fig.  256. — Diagram  of  seasonal  history  of  the  alfalfa  weevil  in  Colorado,  a,  e^u:  &, 
larva;  c,  pupa  in  cocoon;  d,  adult.  Enlarged  three  times.  (From  Eleventh  Ann.  Rept. 
State  Ent.  Colorado,  1919.) 


when  full-grown.  They  are  plump-bodied,  legless,  but  with  well- 
developed  ridges  on  the  underside  of  the  body  which  take  the  place  of 
legs  (Fig.  256,  b).  The  adult  snout  beetles  (d)  will  also  be  found  in 
numbers  during  the  spring  and  early-summer  months  in  the  injured 
fields. 

Plants  Attacked. — Alfalfa  is  practically  the  only  food  plant  of  this 
species. 

Distribution. — The  insect  was  probably  imported  from  southern 
Europe  some  time  about  1900.  The  first  noticeable  injury  occurred  in 
the  vicinity  of  Salt  Lake  City,  Utah,  in  1904.  Since  then,  the  insect 
has  spread  to  include  within  its  range  the  large  alfalfa-growing  districts 
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of  the  West,  reaching  !<>  Colorado,  Idaho,  Montana,  Wyoming,  Nevada, 
California,  and  Oregon.  Ii  has  spread  at  the  rate  of  twenty  miles  or 
more  per  year,  the  rate  of  spread  depending  od  the  type  of  farming,  and 
the  natural  factors  in  the  different  areas  where  it  is  working. 

Life  History t  Appearance,  and  Habits. — This  weevil  (Fig.  256,  d) 
winters  only  in  the  adult  stage.  The  beetles  are  dark  brown,  or  nearly 
black,  with  short  grayish  hairs  giving  them  a  somewhat  spotted  appear- 
ance. They  are  about  j£  inch  long  with  a  medium  sized  beak  about 
one-half  the  length  of  the  thorax,  projecting  downward  from  the  front 
of  the  head.  On  leaving  their  hibernating  quarters  about  the  crowns 
of  the  alfalfa  plants,  or  under  leaves  and  rubbish,  the  beetles  feed  for  a 
few  days,  and  mate,  and  the  females  lay  their  eggs  (a)  in  the  stems  of 
the  alfalfa.  They  first  make  cavities  in  the  stems  with  their  beaks,  and 
in  these  insert  from  one  to  as  many  as  40  eggs.  Each  female  beetle  lays 
from  600  to  800  eggs  during  the  spring.  The  larvae  on  hatching  are 
nearly  white  but  soon  become  green  (6).  They  make  their  way  to  the 
opening  leaf  buds  at  the  tip  of  the  plants,  and  there  commence  feeding. 
This  stunts  the  plant  and  produces  a  new  growth  below  the  tip  which 
in  turn  is  eaten  off  by  the  weevil  larvae.  In  heavily  infested  fields, 
practically  the  entire  first  cutting  is  ruined  and  the  growth  of  the  second 
crop  is  delayed.  Most  of  the  larvae  become  full-grown  about  the  time 
of  cutting  the  first  crop.  They  then  go  to  the  ground,  and  spin  a  net-like, 
nearly  spherical  cocoon  (c)  in  which  they  change  to  the  pupal  stage. 
After  about  10  days  in  this  stage,  they  emerge  as  adults.  These  adults 
feed  on  the  alfalfa  plants  the  remainder  of  the  summer  and  go  into 
winter  quarters  early  in  the  fall. 

Control  Measures. — A  fair  degree  of  control  of  the  alfalfa  weevil  has 
been  obtained  in  some  sections  from  the  importation  of  a  parasite.1  In 
certain  areas  in  the  West,  this  parasite  has  become  sufficiently  abundant 
to  constitute  an  effective  check  to  the  increase  of  the  weevil  during 
certain  years.  In  other  areas,  it  has  not  proved  effective.  Apparently 
it  can  never  be  depended  upon  fully  to  prevent  damage  by  the  weevil. 

The  most  effective  control  measures  against  this  insect  in  most  of  the 
areas  where  it  is  now  present  are  either  spraying  or  dusting  with  a 
stomach  poison.  Arsenate  of  lead  used  as  a  spray,  or  calcium  arsenate 
as  a  dust,  have  given  the  best  results.  In  spraying  with  arsenate  of 
lead,  Reeves  has  found  that  the  best  time  to  make  the  application  is 
when  the  young  larvae  become  sufficiently  abundant  almost  to  stop  the 
growing  of  the  alfalfa  plants.  As  the  eggs  hatch  over  a  considerable 
period,  it  is  necessary  to  wait  until  this  time  to  get  all  the  insects  with 
one  spray.  The  best  time  to  apply  the  spray  is  usually  about  2  weeks 
before  the  first-crop  alfalfa  is  normally  ready  for  cutting.  Spraying  at 
this  time  with  arsenate  of  lead  at  the  rate  of  2  pounds  of  the  powdered 

1  Bathj/plcctes  aircidionis  (Thomson),  Order  Hymenoptrra.  Family  Ichneumonidae. 
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materia]  t«»  50  gallons  of  water  and  applying  the  spray  al  the  rate  of 
100  gallons  per  acre,  has  given  almost  a  complete  control  of  the  weevil. 

Spraying  the  alfalfa  stubble  after  the  first  crop  has  been  cut  has  not,  ID 
general,  proved  effective.  As  in  all  spraying  operations,  thorough  work 
must  be  done  at  the  right  time  in  order  to  get  a  satisfactory  control. 
During  the  last  few  years,  almost  as  good  control  has  been  obtained  by 
dusting,  using  calcium  arsenate  mixed  with  sulfur  as  a  carrier.  Other 
methods  of  control,  which  have  not  been  found  as  effective,  but  which 
are  of  some  value,  consist  of  dragging  the  field  after  the  first  cutting  is 
removed,  with  a  brush  drag  which  knocks  the  larvae  from  the  stubble, 
and  causes  their  death  by  contact  with  the  hot  dry  ground.  Dragging 
the  field  with  a  brush  or  wire  drag  after  it  has  been  harrowed,  to  create 
a  dust  mulch  around  the  crowns  of  the  plant  has  given  fairly  good 
results,  but  spraying  and  dusting  are  by  far  the  best  methods  of  control. 

References.— U.  S.  Dept.  Agr.  Farmers'  Bulls.  741,  1916;  and  1185,  1920;  and  1528. 
1927;  Colo.  Agr.  Exp.  Sta.  Circ.  33,  1923. 

Clover  Bud  Weevil1 

Importance  and  Type  of  Injury. — The  clover  bud  weevil  since  about 
1910  has  become  one  of  the  most  important  and  destructive  pests  of  red 
clover  in  the  middle-western  states.  Infested  clover  plants  show  a 
deadening  of  the  leaves  and  a  general  checking  of  the  growth,  which  is 
particularly  noticeable  during  dry  seasons.  If  such  plants  are  examined, 
small  slits  will  be  found  cut  in  the  stem,  usually  just  above  an  axil  of 
the  stem  or  at  the  lateral  buds,  and  the  buds  eaten  into  both  at  the 
terminal  and  on  the  sides  of  the  stems.  The  heads  of  the  plant  become 
stunted  and  misshapen.  Examinations  made  during  May  will  show 
small  pale-green  larva?  which  are  feeding  in  the  stems,  the  newly  forming 
buds,  or  the  florets  in  the  head.  The  injury  is  most  severe  during  dry 
seasons,  and  frequently  amounts  to  an  infestation  of  90  to  98  per  cent 
of  all  plants  in  the  field. 

Plants  Attacked. — The  insect  seems  to  prefer  red  clover,  but  feeds  on 
all  of  the  common  species  of  clovers,  and  also  on  sweet  clover  and  alfalfa. 
On  the  last  two  named  plants,  it  has  been  of  little  importance. 

Distribution. — The  insect  was  probably  introduced  into  this  country 
in  the  eastern  part  of  Canada  some  time  about  1875  or  1880.  It  has 
now  spread  over  the  entire  eastern  half  of  the  United  States  and  into 
the  Pacific  Northwest.  In  the  mid- western  states  it  has  increased  very 
rapidly  in  abundance  since  about  1915. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  only 
in  the  adult  stage,  the  overwintering  beetles  being  about  }£  inch  long, 
of  a  beautiful  deep  green,  or  blue-green  color,  with  small  black  heads 

1  Phytonomus  nigrirostris  Fabricius,  Order  Coleoptera,  Family  Curculionidae 
(also  called  lesser  clover-leaf  weevil). 
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and  a  glossy-black,  Blender  beak  approximately  as  long  as  tho  thorax 
i  Fig.  257).  They  Bhelter  to  some  extenl  around  t  he  crowns  of  i  he  clover 
plants  in  the  field,  but,  in  Illinois,  have  been  found  in  greatest  abundance 
in  woodland  areas.  A  number  of  hibernating  adults  have  been  taken 
from  around  the  base  of  a  single  tree  or  stump  in  tho  center  of  Large 
areas  of  heavy  woodlands.  They  are  also  found  along  bushy  hedges, 
truces,  roadsides,  and  other  areas  where  trash  occurs  to  give;  protection 
from  the  winter  weather.  They  fly  from  their  hibernating  quarters 
about  the  time  clover  growth  starts  in  the  spring.  The  adults  feed  for 
a  few  days  on  the  clover  leaves,  and  the  females  begin  laying  their 
eggs.     The  eggs  are  deposited  in  small  slits,  cut  in  the  stem  of  the  clover 


Fig.  l'57. — Adult  clover  bud  weevil,  dorsal  and  side  views.     About  five  times  natural  size. 

{From  III.  State  Nat.  Hist.  Sur.) 


plant  or  in  the  bud  at  the  axil  of  the  leaf  or  in  the  terminal  bud  of  the 
plant.  Usually  but  one  egg  is  laid  in  a  place,  although  two  or  three 
have  occasionally  been  found.  Egg  laying  extends  over  nearly  a  month, 
each  female  laying  a  total  of  from  200  to  300  eggs.  The  eggs  hatch  in 
from  2  to  3  weeks,  and  the  young  larvae,  which  are  at  first  white,  but 
later  change  to  a  brownish-white,  begin  feeding  on  the  plant  tissue. 
'Where  feeding  starts  at  the  buds,  these  may  be  entirely  killed.  If  they 
start  feeding  in  the  head,  it  is  destroyed  entirely  or  in  part.  They 
occasionally  tunnel  in  the  stems,  causing  the  stem  above  the  point 
where  they  are  working  to  wilt  and  die.  The  larval  period  extends 
from  20  to  25  days,  or  possibly  somewhat  longer,  depending  on  the 
weather  conditions  of  the  season.  Full-grown  larvae  spin  their  cocoons 
on  the  ground  around  the  base  of  the  plant,  but  more  commonly  in  the 
part  of  the  plant  where  they  have  been  feeding.  These  cocoons  are 
elliptical,  or  nearly  round,  about  ]-  inch  across.  They  are  transparent, 
of  a  somewhat  whitish,  or  yellowish-white  color.  The  insects  remain 
in  the  pupal  stage  for  from  5  to  12  days,  emerging  as  full-grown  beetles 
about  10  days  before  the  time  for  cutting  the  first  crop  of  red  clover. 
Newly  emerged  beetles  are  brown  in  color,  but   begin  to  show  green  by 
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the  end  of  1  or  2  days,  :md  by  the  third  or  fourth  day  after  emergence 
are  a  pronounced  grass  green.  They  feed  in  the  clover  field  for  2  to  3 
weeks,  gradually  becoming  less  abundant  as  they  fly  from  the  field  to 
seek  shelter  in  which  to  pass  the  winter.  In  Illinois,  most  of  the  beetles 
have  left  the  fields  by  mid-July.  There  is  probably  only  one  generation 
of  the  insect  each  season. 

Control  Measures. — No  satisfactory  method  of  control  for  this  insect 
has  yet  been  developed.     Spraying,  dusting,  and  cultural  practices  that 

have  thus  far  been  tried  have  proved  of 
no  value.  Clover  on  fertile  soil  during 
a  moderately  wet  or  wet  season  will 
not  suffer  severely  from  the  attacks  of 
this  insect;  but  on  poor  soil  in  a  normal 
year,  or  in  a  dry  season,  will  be  severely 
damaged. 

Reference. — Ohio    State    Univ.    Ext.    Bull; 
Vol.  16,  No.  10,  1920-1921. 

Blister  Beetles1 

Importance  and  Type  of  Injury. — 
Clover  and  alfalfa  are  rarely,  if  ever, 
seriously  damaged  by  these  insects. 
Frequently,  however,  they  are  present 
in  such  numbers  in  alfalfa  fields  as  to 
cause  some  alarm  and  a  little  damage. 
The  long,  black,  gray,  or  striped  black- 
and-yellow  beetles,  with  very  conspicuous  heads  and  necks  (Fig.  258),  will 
be  found  clustered  on  the  tips  of  alfalfa  and  clover  plants,  feeding  on  the 
flowers  and  leaves.  Growth  of  the  plants  is  somewhat  stunted,  and  the 
field  presents  a  ragged  appearance  where  the  beetles  are  numerous. 

Plants  Attacked. — Blister  beetles  are  general  feeders  attacking  many 
flowering  plants,  field  and  garden  crops,  and  weeds. 

Distribution. — Throughout  the  United  States  and  arable  parts  of 
Canada. 

Life  History,  Appearance,  and  Habits. — The  blister  beetles  whose 
life  histories  are  known  pass  the  winter  in  the  larval  stage.  The  larvae 
of  some  species  feed  on  the  eggs  of  grasshoppers  and  others  in  the  cells 
of  certain  burrowing  bees.  They  have  a  very  interesting  and  complicated 
life  history.  Those  which  feed  on  the  eggs  of  grasshoppers  are,  of 
course,  beneficial  in  their  larval  stage.  Some  of  the  blister  beetles 
which  feed  on  clover  and  alfalfa,  notably  the  gray  blister  beetle,  has  two 
generations  a  year.     Nearly  all  of  the  other  species  have  only  one.     The 

1Epicaata  spp.,  Cantharis  spp.,  M acrobasis  spp.,  Order  Coleoptera,  Family  Meloidffi. 


Fig.  25S. — Adult  of  the  margined 
blister  beetle,  Epicauta  margin  at  a 
Fabricius.  Line  shows  natural  length. 
(From  III.  State  Xat.  Hist.  Sur.) 
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adult  beetles  vary  in  appearance,  the  gray  blister  beetle,  and  the  black 
blister  beetle  being  of  a  uniform  color  and  from  l2  inch  to  nearly  1  inch 
in  Length.  Several  other  species  arc  spotted,  striped,  or  marked  with 
different  colors  (see  also  p.  474). 

Control  Measures, — Probably  the  best,  control  for  blister  beetles  on 
alfalfa  or  clover  is  to  go  over  the  field  with  a  hopperdozer  as  described 
for  catching  grasshoppers.  Once  over  the  field  with  this  machine;  will 
probably  clean  out  the  blister  beetles.  In  most  cases  it  is  not  necessary 
to  take  any  active  steps  to  combat  these  insects  on  clover  and  alfalfa. 

Reference—  U.  S.  Dept.  Agr.  Dcpt.  Bull.  967,  1921. 

Alfalfa  Caterpillar1 

I m })ortance  and  Type  of  Injury. — This  insect  is  particularly  a  pest  of 
alfalfa  in  the  southwestern  states.  Infested  fields  show  part  of  the 
leaves  eaten  out,  or  the  leaves  entirely  consumed  by  a  green  worm,  which 
in  the  southern  states  appears  during  late  February  or  March.  Previous 
to  the  appearance  of  the  worms,  sulfur-yellow  butterflies  with  black 
margins  on  the  upper  surface  of  the  wings  will  be  found  in  large  numbers 
hovering  over  the  alfalfa  plants,  on  which  they  are  depositing  their  eggs. 

Plants  Attacked. — The  insects  feed  mainly  on  alfalfa,  although  they 
are  occasionally  taken  on  clover  and  several  other  legumes. 

Distribution. — The  alfalfa  caterpillar  is  found  throughout  the  United 

States  and  southern  Canada,  with  the  possible  exception  of  the  extreme 

southeastern  United  States.     Its  heaviest  damage,  however,  occurs  in 

the  Southwest,  and  the  alfalfa-growing  regions  along  the  Pacific  slope. 

Life  History ,  Appearance,  and  Habits. — Throughout  most  of  its  range 
the  insect  passes  the  winter  in  the  pupal  stage  (Fig.  259,  C)  on  the  plants. 
In  the  extreme  southern  part  of  its  range,  larvae  may  be  found  during 
the  winter  months,  and,  occasionally,  adults  will  be  seen  on  the  wing  in 
these  sections;  st>  it  probably  hibernates  in  all  stages.  In  the  spring,  the 
overwintering  pupae  change  to  yellow  butterflies  (Fig.  259,  B)  having  a 
wing  expanse  of  about  2  inches.  The  entire  under  surface  of  the  wings  is 
solid  sulfur  yellow.  The  upper  surface  of  the  wings  is  bordered  with 
black.  The  butterflies,  on  emerging,  lay  their  eggs  to  the  number  of 
from  200  to  500,  on  the  undersides  of  the  alfalfa  leaves.  These  eggs 
hatch  in  a  few  days  into  small  dark-brown  worms  which  soon  change  to 
a  green  color.  The  worms  grow  very  rapidly,  becoming  full-grown  in 
from  12  to  15  days,  at  which  time  they  are  nearly  l1^  inches  in  length, 
of  a  dark  grass-green  color,  with  a  fine  white  stripe1  on  each  side  of  the 
body,  through  which  runs  a  very  fine  red  line  (Fig.  259,  ^1).  These 
worms  change  to  the  pupal  stage  without  spinning  a  cocoon.  They 
attach  the  narrow  tail  end  of  the  pupa  to  the  alfalfa  stalk  and  throw  a 

1  Eurymus  eurytheme  Boisduval,  Order  Lepidoptera,  Family  Rends. 
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loop  of  silk  about  their  bodies  a  little  above  the  middle,  winch  holds  tin- 
head  upright.  The  pupal  stage  lasts  from  5  to  7  days  before  the  emer- 
gence of  the  adult  butterflies.     In  the  extreme  southwestern  states,  there 

are  from  five  to  seven  generations  a  year,  while  probably  at  least  two 
generations  always  occur  in  the  northern  part  of  the  insect's  range. 

Control  Measures. — Spraying  or  dusting  the  crop  as  recommended  for 
the  alfalfa  weevil,  will  serve  as  an  effective  control  for  the  alfalfa  cater- 
pillar.    Such  measures  should  be  taken  only  when  the  insect  is  very 


Fig.  259. — The  alfalfa  caterpillar;  A,  full-grown  larva  feeding  on  leaf;  B,  adult  male 
butterfly;  C,  chrysalid  or  pupa,  showing  how  it  is  suspended  from  the  plant.  Slightly 
enlarged.      (From  U.  S.  D.  A.  Dept.  Bull.  124.) 


abundant  and  serious  damage  to  the  crop  is  threatened.  Cutting  the 
infested  alfalfa  as  low  as  possible  and  removing  the  hay  from  the  field  is 
also  an  effective  control  measure.  This  cuts  off  the  food  supply  of  the 
young  caterpillars  and  exposes  them  to  their  insect  enemies,  of  which 
several  kinds  are  nearly  always  present  in  the  infested  fields.  Many 
caterpillars  are  also  killed  by  exposure  to  the  heat  of  the  sun.  In  cutting, 
care  should  be  taken  that  the  field  is  left  clean,  without  a  sufficient  amount 
of  leaf  growth  to  support  the  growing  caterpillars  until  they  mature. 
Keeping  down  weed  growth  around  the  field  is  also  of  considerable  help 
in  control.  Pasturing,  where  it  can  be  properly  done,  so  that  the  animals 
are  not  left  too  long  on  the  field,  also  is  recommended.  It  is  of  the  great- 
est importance  that  alfalfa  growers  know  the  parents  of  this  caterpillar 
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and  when  swarms  of  the  yellow  butterflies  (Fig.  259,  H)  are  noted  about 

the  field,  keep  close  watch  of  the  growing  alfalfa  crop  and  if  necessary  take 

the  control  measures  above  recommended  before  the  worms  have  caused 

serious  damage. 

References.     U.  S.  Dept.  Agr.  Farmers'  Butt.  1094,  1020;  U.  S.  Dept.  Ayr.  Dept. 
Hull.  124,  1914. 

Green  Clover  Worm1 

Importance  and  Type  of  Injury. — The  green  clover  worm  is  only  occasionally  of 
importance  ms  a  pest  of  clover  and  alfalfa.      It  is  nearly  always  present  in  fields  of  these; 


FlO.  260. — Larva  of  the  green  clover  worm,  Plathypena  scabra  Fabricius,  and  its  injury  on 
clover.     About  natural  size.      {From  III.  State  Xat.  Hist.  Sur.) 

crops  grown  in  the  eastern  United  States.  When  it  is  abundant,  the  infested  fields 
present  a  ragged  appearance,  many  of  the  leaves  having  been  eaten  off  by  green  worms 
with  two  narrow  white  stripes  down  each  side  of  the  body  (Fig.  260).  The  insect  is 
more  important  in  the  southern  than  in  the  northern  states. 


In;.   261. 


-Adult  of  the  green  clover  worm,  enlarged  about  one-half.      (From   III.   Siati 

Xat.  Hint.  Sur.) 


Plants  Attacked. — Alfalfa,  clover,  soybeans,  cowpeas,  vetch,  strawberry,  raspberry, 
and  many  of  the  common  weeds  and  other  legumes. 

Distribution. — Eastern  United  States  to  the  plains  states  and  southeastern  Canada. 

Life  History,  Appearance,  and  Habits. — The  green  clover  worm  passes  the  winter 
in  the  pupal  or  adult  stage.  The  adults  are  dark  brown,  black-spotted  or  mottled 
moths  with  a  wing  expanse  of  about  l1  (  indies  (Fig.  261).  When  at  rest,  the  wings 
are  held  in  such  a  position  as  to  give  the  insect  a  triangular  appearance.     The  moths 

1  Plathypena  tcabra  Fabricius,  Order  Lepidoptera,  Family  Nbctuide. 
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shelter   around    hams,  ha)      inks,  and  other  protected  places.      They  heroine  active 

about  the  time  clover  growth  is  well  started,  and,  after  mating,  the  femalei  lay  their 

eggs  singly  on  the  undersides  of  the  leaves  of  t  he  plants  which  t  hey  attack.      The  eggs 

hatch  into  small  worms  winch  are  nearly  the  -hade  of  the  alfalfa  leaf.     They  ind  on 

the  leaves,  completing  their  growth  under  normal  conditions  in  ahout  4  weeks.  They 
then  crawl  down  the  plant  and  work  their  way  under  litter  or  just  below  the  surface  of 
the  soil,  where  they  change,  inside  a  light  silken  cocoon,  to  a  brown  pupal  stage. 
They  remain  in  this  stage  for  from  10  days  to  3  weeks  and  then  emerge  as  moths. 
There  are  from  three  to  four  generations  in  the  southern  part  of  the  United  State-, 
and  probably  two  in  the  northern  part  of  the  insect's  range. 

Control  Measures. — In  most  years  these  insects  are  not  sufficiently  abundant 
to  necessitate  taking  active  measures  of  control.  When  fields  are  being  injured,  the 
alfalfa  or  clover  should  be  cut  as  soon  as  possible  and  removed  from  the  field.  This 
exposes  the  worms  to  the  bright  sunlight  and  to  their  insect  and  bird  enemies,  and  is 
usually  the  only  control  measure  necessary.  Hopperdozers  have  been  used  with  a 
fair  degree  of  success  in  combating  the  insects. 

IMtrences.—  U.  S.  Dept.  Agr.  Farmers'  Bull.  982,  1918;  U.  S.  Dept.  Agr.  Dept.  Bull. 
1336,  1925. 

Garden  Web  worm1 

Importance  and  Type  of  Injury. — This  insect  is  of  some  importance  on 
clover,  but  is  more  particularly  a  pest  of  alfalfa  and  some  other  crops. 
During  the  spring  and  summer  months,  fields  that  are  infested  with  this 
insect  will  show  light  webs  over  the  leaves,  in  which  will  be  found  greenish 
to  yellowish-green,  somewhat  hairy  worms  with  black  dots  over  their 
bodies  (Fig.  262).     When  full-grown,  they  are  an  inch  or  a  little  over  in 


Fig.  262. — The  garden  webworm,  Loxostege  similalis  Guenee,  caterpillar  or  "  worm, "about 
twice  natural  size.      (From  U.  S.  D.  A.  Farmers'  Bull.  944.) 

length  with  a  light  stripe  extending  down  the  middle  of  the  back  and  with 
three  dark  spots  on  the  side  of  each  segment,  from  each  of  which  projects 
one  to  three  bristle-like  hairs.  When  disturbed,  the  worms  drop  to  the  ; 
ground.  Fields  that  are  heavily  infested  will  show  a  considerable  amount 
of  webbing  over  the  alfalfa,  and  the  leaves  inside  these  webs  will  be  nearly 
all  eaten  off.  In  the  fall,  the  worms  work  in  somewhat  the  same  manner 
as  cutworms  on  the  newly  sown  alfalfa.  At  this  time,  they  hide  in  silken- 
lined  burrows  on  or  in  the  ground  to  which  they  retreat  when  disturbed. 
Plants  Attacked. — The  garden  webworm  is  a  general  feeder.  Among 
the  plants  attacked  are  alfalfa,  clover,  beans,  soybeans,  cowpeas,  sugar 
beets,  peas,  strawberries,  wild  sunflower,  thistles,  pigweed,  ragweed, 
sweet  clover,  lamb's-quarters,  and  a  number  of  others. 

1  Loxostege  similalis  Guenee,  Order  Lepidoptera,  Family  Pyralididae. 


INSECTS  INJURIOUS  TO  LEGUMES  397 

Distribution.      The  insect  is  native  to  both  North  and  South  America, 

and  occurs  generally  in  the  farming  areas  of  the  United  States,  Canada, 

and  Mexico. 

Life  History,  Appearance,  and  If  obits. — The  winter  is  passed  in  the 
pupal  stage  in  the  soil  about  the  plants  on  which  the  fall  generation  of 
larva*  fed.  In  the  extreme  South  it  is  possible  that  some  of  the  insects 
live*  through  the  winter  in  the  larval  stage.  Adult  moths  emerge  from 
the  pupse  early  in  the  spring  and  deposit  their  eggs  on  the  leaves  of  their 
food  plants.  The  eggs  are  laid  in  masses  of  from  4  or  5  to  50.  The  mot  hs 
are  about  :*t  inch  across  the  wings,  buff  colored  with  shadings  and  irregu- 
lar markings  of  light  and  dark  gray.  They  are  rather  weak  insects,  prob- 
ably living  but  a  short  time.  When  one  is  going  through  infested  fields, 
they  will  frequently  fly  up,  going  a  short  distance,  but  usually  alighting 
within  a  rod  or  two  of  the  point  where  they  were  first  disturbed.  The 
larva?  hatch  from  the  eggs  in  3  days  to  1  week.  They  begin  feeding  on  the 
leaves,  protecting  themselves  inside  the  light  webs  above  described.  It 
usually  requires  about  3  weeks  for  the  worms  to  reach  the  full-grown  stage 
and  go  into  the  ground  for  pupation.  The  pupal  period  is  ordinarily  7 
to  10  days.  There  are  several  generations  each  season.  Sanborn  states 
that  there  are  five  full  generations  each  year  in  Oklahoma.  In  the 
northern  part  of  the  range,  there  are  probably  two  or  three  generations 
each  season. 

Control  Measures. — Fields  which  become  infested  during  the  summer 
months,  can  usually  be  cleaned  of  the  webworms  by  cutting  the  alfalfa. 
This  cuts  off  the  food  supply  of  the  worms,  as  they  are  unable  to  feed  on 
the  dried  alfalfa  hay,  and  also  by  destroying  their  webs  exposes  many  of 
them  to  bird  and  insect  enemies.  Fields  of  newly  seeded  alfalfa  infested 
in  the  early  fall  may  be  protected  by  dusting  with  calcium  arsenate  at  the 
rate  of  about  10  pounds  per  acre,  or  spraying  with  calcium  arsenate  or 
arsenate  of  lead,  2  pounds  to  50  gallons  of  water,  applied  at  the  rate  of 
about  100  gallons  per  acre.  Either  one  of  these  methods  is  very  effective 
in  killing  the  fall  generation  of  larvae  provided  a  thorough  application  of 
the  poison  is  made.  Keeping  field  margins  closely  cut  to  keep  down  all 
growth  of  the  weeds  on  which  this  insect  feeds  is  also  of  considerable  help 
in  preventing  damage.  Insect  parasites  usually  prevent  damage  for  more 
than  1  year  successively. 

Inferences— Okla.  Agr.  Exp.  Sin.  Bull.  109,  1916;  U.  S.  Dcpt.  Agr.  Farmers'  Hull. 
944.  1918. 

Cutworms 

Several  species  of  cutworms  arc  troublesome  in  clover  and  alfalfa  fields.  In  the 
mid-western  states  the  variegated  cutworm1  (Fig.  263)  is  the  one  most  generally 
abundant  in  clover  and  alfalfa  during  the  spring  and  summer  months.      The  dingy 

1  LycophoHa  marguritosa  saucia  Hubncr ,  Order  Lepidoptera,  Family  Noctllidse. 
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cutworm,1  clay-backed  cutworm,2  and  several  others  arc  also  common  in  fields  of 
clover  and  alfalfa  at  this  time  of  the  year.      In  the  fall,  newly  -own  alfalfa  fieldl  are 

often  seriously  damaged  by  the  yellow-striped  army  worm/1  and  the  fall  army  worm.' 

Both  these  insects  migrate  up  from  the  South  and  the  moths  lay  their  eggB  in  the 
newly  sawn  alfalfa.  The  worms  hatching  from  these  eggs  feed  on  the  alfalfa  in  the 
general   manner  of  cutworms,  not  infrequently  destroying  the  entire  field.      Several 


FlQ.    2t».'i.      Larva    of    the    variegated    cutworm,    dorsal    view.      Enlarged    about    one-half- 

(From  III.  State  Nat.  Hist.  Stir.) 

other  species  of  cutworms  are  abundant  in  clover  and  alfalfa  in  different  parts  of  the 
country. 

Control  Measures. — Cutworms  may  be  controlled  in  these  crops  by  the  use  of  the 
poison-bran  bait,  made  and  applied  in  the  manner  described  for  the  control  of  these 
insects  on  corn  (see  page  323). 

Inferences. —  U.  S.  Dept.  Agr.  Farmers'  Bull.  739,  1916;  Dom.  Canada,  Dept.  Agr. 
Bull.  22,  1923. 

Army   Worms 

The  true  army  worm  and  the  western  army  cutworm5  often  feed  on  clover  and 
alfalfa  to  a  limited  extent.  They  prefer  the  grass  crops,  however,  and  normally  cause 
but  little  damage  to  legumes.  Occasionally  army-worm  outbreaks  are  associated  with 
outbreaks  of  the  variegated  cutworm,  and  these  latter  insects,  which  prefer  legumes, 
may  cause  serious  damage  to  clover  fields,  which  is  mistaken  for  damage  by  the 
army  worm 

Control  Measures. — The  control  is  the  same  as  that  given  on  page  319. 

Grasshoppers 

Grasshoppers  are  often  the  cause  of  serious  damage  to  clover  and  alfalfa.  For 
control  measures,  see  pages  330  . 

Pea  Aphid 

This  insect  has  been  treated  under  Pea  Insects  (see  p.  455).  On 
clover  and  alfalfa,  where  it  is  often  a  very  serious  pest,  an  effective  method 
of  control  is  to  cut  the  clover  and  alfalfa  as  early  as  possible,  when  these 
crops  have  become  heavily  infested  with  the  pea  aphid.  A  brush  drag 
may  be  used  on  the  alfalfa  stubble.  Smith,  in  Kansas,  recommended 
burning  over  heavily  infested  areas  in  the  fall  of  the  year. 

1  Feltia  subgothica  Haworth. 

2  Feltia  gladiaria  Morrison. 

3  Prodenia  ornithogalli  Guenee. 

4  Laphygma  frugiperda  Smith  and  Abbott. 

5  Chorizagrotis  auxiliaris  Grote,  Order  Lepidoptera,  Family  Noctuidae. 
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Leafhoppers1 

Importance  and  Type  of  Injury.     Where  Icafhoppcrs  are  abundant  In 
any  crop,  the  plants  show  a  lack  of  vigor,  growth  is  retarded,  and  in  most 

cases  the  leaves  have  a.  somewhat  whitened,  mottled  appearance,  due  to 
Bucking  out  of  the  sap  by  the  hoppers,  which  feed  mainly  on  the  under- 
sides of  the  Leaves.  In  walking  through  infested  fields,  large  numbers  of 
tiny  mottled  or  speckled,  green,  yellow,  brown-gray,  or  various  colored 
insects  (Fig.  264)  will  hop  or  fly  for  short  distances  ahead  of  one.  With 
certain  species  of  leaf  hoppers,  the  feeding  produces  a  burning  effect  on  the 
plants,  and  causes  the  tips  to  wither  and  die  somewhat  as  though  scorched 
by  bright  sunshine  or  injured  by  drought.     Some  species  are  carriers  of 


Fig.  264. — The  clover  leafhopper,  Agallia  sanguinolenta  Provancher  a,  adult;  b, 
nymph,  side  view;  c,  nymph,  dorsal  view;  d,  face;  c,  front  wing;  /,  female  and  g,  male 
genitalia  and  last  segment.      The  line  shows  natural  size.      {From  Osborn  and  Ball.) 

plant  diseases.  See  apple  leafhopper  (p.  475)  and  beet  leafhopper 
(p.  512). 

Plants  Attacked. — Nearly  all  cultivated  and  wild  plants  are  attacked 
by  various  species  of  leafhoppers.  All  of  the  clovers,  alfalfa,  and  many 
of  the  grasses  and  small  grains,  also  orchards,  vineyards,  and  forest  and 
shade  trees  are  infested  and  damaged  to  some  extent. 

Distribution. — Leafhoppers  occur  throughout  the  wrorld. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  various 
stages,  according  to  the  different  species.  Some  go  through  the  winter 
in  the  egg  stage  in  the  steins  of  various  plants,  a  large  number  of  species 
pass  the  winter  in  the  form  of  full-grown  insects,  which  hide  away  in 
shelters  around  and  in  the  field  crops  which  they  attack,  while  a  few  pass 
the  winter  in  the  partly  developed,  or  nymphal  stages.  In  most  cases 
that  are  known,  the  insects  lay  their  eggs  in  the  stems,  buds,  or  leaves  of 
their  food  plants.  These  hatch  into  wingless  but  very  active  nymphs. 
The  nymphs  feed  by  sucking  the  sap  and  sometimes  inject  a  substance 
which   is  distinctly  poisonous  to  the  plant  tissue,   and   kills  the  areas 

1  Many  species  of  the  Order  Homoptera.  Family  Cicsdellidffi. 
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around  their  feeding  punctures.  Tiny  develop  from  small  nymphs  to 
adults,  molting  their  skins  several  times  during  this  process,  but  not  pass- 
ing through  any  distinct  pupal  stage,  and  never  spinning  cocoons  or  form- 
ing a  chrysalis.  The  adults  vary  in  size,  from  l^o  to  }  4,  and  rarely  3^2, 
inch  in  length.  They  are  all  good  jumpers  or  hoppers,  as  their  common 
name  implies.  The  adults  are  winged,  but  use  their  legs  to  a  large  extent 
in  jumping  from  one  part  of  the  plant  to  another.  The  general  outline 
of  their  bodies  is  long  and  slender,  and,  as  above  stated,  they  vary  greatly 
both  in  color  and  in  shape. 

Control    Measures. — Leafhoppers   are   extremely  difficult  insects  to 
control.     Cutting  and  removing  the  crops  from  heavily  infested  clover 

and  alfalfa  fields  is  about  the  most  effective 

r  method  of  control,  as  this  drives  out  some 

V     t  jF     j         of  the  leafhoppers  and  starves  some  of 

the  young  nymphs.  Immediately  after 
cutting,  large  numbers  of  leafhoppers  can 
be  caught  by  running  a  hopperdozer  over 
the  infested  field ;  or  this  machine  may  be 
used  on  the  growing  crops.  It  is  most 
effective  when  the  back  and  sides  of  the 
machine  have  been  thoroughly  coated  with 
some  sticky  material  such  as  tree  tangle- 
foot that  will  catch  the  hoppers  as  they 
fly  against  it. 

References. — Jour.  Agr.  Research,  Vol.  17,  No. 
6,  pp.  399-404,  1927;  Annals  Ent.  Soc.  Am., 
Vol.  16,  p.  363,  1923;  U.  S.  Dept.  Agr.  Farmers' 
Bull.  737,  1916. 


Fig.  265. — Adult  of  clover  stem 
borer,  Lanyuria  mozardi  Latrielle, 
about  eight  times  natural  size. 
(From  III.  State  Nat.  Hist.  Sur.) 


Clover  Stem  Borer1 


Importance  and  Type  of  Injury. — The  clover 
stem  borer  generally  causes  but  little  damage.  It 
is  very  generally  distributed  and  more  abundant 
than  is  usually  supposed.  Infested  plants  show  a  slight  enlargement  or  cracking  open 
of  the  stem,  the  latter  injury  being  especially  true  in  the  case  of  sweet  clover.  The 
pith  of  the  infested  plant  is  eaten  out  and  the  stem  occasionally  so  weakened  that 
it  breaks  off.  Usually,  however,  the  plant  grows  in  about  a  normal  manner,  and  the 
presence  of  the  insect  is  not  suspected  unless  a  careful  examination  of  the  stem  is 
made. 

Plants  Attacked. — The  insect  feeds  on  clover,  alfalfa,  timothy,  sweet  clover,  mam- 
moth clover,  daisy,  yarrow,  wild  lettuce,  and  many  other  weeds  and  some  cultivated 
plants. 

Distribution. — This  insect  is  generally  distributed  east  of  the  Rocky  Mountains 
and  is  recorded  from  Arizona.  It  is  probably  more  abundant  in  the  southern  part  of 
the  country,  although  it  is  very  common  in  the  mid-western  states. 


1  Languria  mozardi  Latrielle,  Order  Coleoptera,  Family  Erotylida?. 
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Lift  History,  Appearance,  and  Habits.  The  insect  passes  the  winter  s  a  lender, 
metallic-blue  beel le  writ  li  a  Bhining  red  head  and  pro! horax.  It  is  a  lit 1 !<•  over  '  i  inch 
long,  :iiul  is  really  a  very  pretty  insect,  the  conspicuous  coloring  giving  il  a  striking 
appearance  (Fig.  266).  The  insects  hibernate  in  trash  around  the  clover  fields.  In 
the  Boring,  the  females  lay  their  yellow  eggs  in  the  stems  of  the  plants  on  winch  they 

Iced.      'These  eggs  hatch  in  a  few  days  and  t  he  young  larva'  bore  into  t  he  stems,  feeding 

on  the  pith  (Fig.  266).     They  grow  rather  slowly,  most  of  them  completing  their 
growth  by  the  latter  pari  of  August,  pupating  in  the  stems,  and  emerging  as  beetles 

during  thai   month  and  September.      A  few  larva*  have  been  found  in  stems  of  their 

food  plants  during  the  winter,  and  it  is  possible  that  some  of  the  insects  survive  the 
winter  in  this  stage. 


Fio.  266. — -Clover  stem  borer,  larva,  in  its  burrow  in  clover  stem;  twice  natural  size. 

III.  State  Nat.  Hid.  Sur.) 


(From 


Control  Measures. — The  ordinary  practice  of  cutting  two  crops  of  clover  each 
season  serves  to  keep  down  the  numbers  of  this  insect,  by  cutting  the  infested  stems 
when  the  larva?  are  so  small  that  they  cannot  complete  their  growth,  and  die  within  the 
drying  hay.  The  insect  is  becoming  more  abundant  in  sweet  clover  grown  for  seed 
where  the  plants  are  not  cut  until  late  in  the  summer,  and  it  is  possible  that  it  may 
become  a  rather  serious  pest  of  this  plant. 

References.— III.  Agr.  Exp.  Sta.  Bull.  134,  1909;  U.  S.  Dept.  Agr.  Dept.  Bull. 
889,  1920. 

Clover  Seed  Chalcid1 

Importance  and  Type  of  Injury. — This  is  one  of  the  most  important 
insect  pests  of  alfalfa  and  clover  seed,  but  has  no  effect  on  the  production 
of  hay  from  these  crops.  Infested  plants  have  little  to  distinguish  them 
from  those  that  are  uninfested.  A  close  examination  of  the  seeds,  how- 
ever, will  show  many  of  them  broken  or  cracked  open.  Threshed  seed 
will  show  many  empty  shells  of  the  seed,  or  parts  of  such  shells.  Very 
small,  white,  maggot-like  larvae  develop  in  the  infested  seeds,  eating  the 
contents  (Fig.  267,  e).  In  some  sections  this  insect  has  made  the  growing 
of  clover  and  alfalfa  seed  unprofitable. 

Plants  Attacked. — The  insect  attacks  nearly  all  the  clovers  and  alfalfa. 

Distribution. — General  over  the  United  States  and  southern  Canada. 

Life  History,  Appearance,  and  Habits. — The  insect  passes  the  winter 
in  the  full-grown  larval  stage  (Fig.  267,  b)  inside  the  infested  seeds  on  the 
surface  of  the  ground.  Occasionally  the  insect  may  pupate  in  the  fall 
and  remain  inside  the  ^H'd  in  this  stage.     The  adult  insects  begin  emerg- 

1  Bruchophagus  funcbris  Howard,  Order  Hymenoptera,  Family  ChalcidicUe. 
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ing  during  the  late  spring,  usually  the  Lai  ter  par!  of  May  in  t  li<'  lalit  tide  of 
central  Illinois.  Adults  of  the  first  generation  occur  in  great  numbers 
during  the  first  part  of  June.  The  adult  insect  (l'ig.  207,  a)  is  a  very 
active  little  wasp-like  creature,  jet  metallic  black  in  color,  with  legs  of  a 
dark  brownish  color,  and  tarsal  claws  of  a  light  yellowish-brown.  They 
are  so  small,  being  only  about  jfs  inch  in  length,  that  one  lias  gnat 
difficulty  in  seeing  them  in  the  field,  and  will  never  suspect  their  numbers 
unless  they  are  collected  in  a  fine-mesh  net.  The  female  insects  lay  their 
eggs  in  clover  in  which  the  seed  has  formed,  but  has  not  yet  hardened. 
The  egg  is  pushed  inside  the  soft  seed,  and  hatches  into  a  white,  footless, 


Fig.  2G7. — Clover  seed  chalcid,  a,  adult;  b,  larva;  c,  pupa;  d,  egg;  e,  larva  in  broken 
seed;  all  greatly  enlarged,  (a,  b,  c,  from  U.  S.  D.  A.  Farmers'  Ball.  636;  d,  from  III.  State. 
Xat.  Hint.  Sur.;  e,  from  Ohio  State  University.) 

maggot-like  larva  that  consumes  the  entire  inside  of  the  seed,  leaving  only 
a  thin  outer  shell.  The  larva?  complete  their  growth  in  2  weeks  or  more, 
depending  on  the  weather.  As  the  adult  insects  continue  to  emerge  over 
a  long  period,  the  first-generation  larvae  occur  over  a  correspondingly 
long  period.  Upon  becoming  full-grown,  they  pupate  inside  the  seed, 
either  in  the  head  or  in  seed  which  has  dropped  to  the  surface  of  the 
ground  and  emerge  about  midsummer  as  adults.  These  adults  lay  the 
eggs  for  a  second  generation,  and  in  the  South  a  third  generation  occurs 
late  in  the  season.  The  generations  overlap,  however,  so  that  the  insects 
are  present  in  all  stages  in  the  field  practically  at  all  times  from  the  first 
of  June  until  September. 

Control  Measures. — This  insect  has  been  found  extremely  difficult  to 
control.     When  the  seed  crop  is  known  to  be  heavily  infested,  as  indi- 
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cated  by  the  presence  of  many  adult  wasps  aboul  the  heads,  many  of  the 

insects  can  be  killed  by  early  cutting  the  crop  and  removing  the  hay  from 

ihc  field  before  the  svnl  has  had  time  to  mature.     If  this  is  generally 

practiced  in  a  community,  and  volunteer  w<\  Hover,  alfalfa,  and  bur 
clover  is  kept  down,  the  numbers  of  the  insect  may  be  somewhat  reduced. 
Destruction  of  chaff  and  screenings  left  in  the  hulling  operation  is  impor- 
tant in  preventing  the  emergence  of  adults  the  following  spring.  How- 
ever, at  present,  we  are  nearly  dependent  on  the  natural  enemies  of  the 
insect  to  hold  it  in  check,  as  no  really  effective  control  measure  has  been 
developed. 

Inferences. — U.  S.  Dept.  Agr.  Farmers'  Hull.  636,  1914;  and  693,  1915;  U.S.  Dept. 
Agr.  Dept.  Bull.  812,  1920;  III.  Agr.  Exp.  Sta.  Bull.  134,  1909. 

Clover-head  Caterpillar1 

Importance  and  Type  of  Injury. — Clover  heads  infested  by  the  clover- 
head  caterpillar  present  somewhat  the  same  appearance  as  those  infested 
by  the  clover  seed  midge.  The  head  is  usually  irregular  in  appearance  and 
will  have  the  flowers  opening  on  only  one  side  of  the  head.  Such  heads 
are  often  pink  on  one  side  and  green  on  the  other.  An  examination  of  the 
infested  heads  will  show  a  small,  somewhat  hairy  caterpillar  feeding  on 
the  seeds  at  the  base  of  the  clover  florets,  preventing  them  from  opening 
(Fig.  268,  A).  These  caterpillars  are  very  small,  being  only  about  Ji 
inch  long  when  full-grown. 

Plants  Attacked. — The  insect  feeds  mainly  in  the  heads  of  red  clover, 
but  has  also  been  found  on  white  clover,  alsike  clover,  and  mammoth 
clover.  It  also  attacks  the  leaves  of  these  plants  when  no  heads  are 
present. 

Distribution. — The  clover-head  caterpillar  is  distributed  generally 
over  the  eastern  part  of  the  United  States  and  southern  Canada. 

Life  History,  Appearance,  and  Habits. — The  insect  passes  the  winter 
in  both  the  larval  and  pupal  stages,  both  being  found  under  trash  and 
around  clover  fields.  Pupation  occurs  inside  of  small  silken  cocoons 
about  \^  inch  in  length.  These  are  very  hard  to  find  because  of  the  dirt 
which  is  usually  attached  to  the  outside  of  them.  The  overwintering 
larvae  pupate  in  the  spring,  and  from  these,  and  the  overwintering  pupae, 
the  moths  begin  emerging  just  about  the  time  that  red  clover  is  starting 
to  come  into  bloom.  They  are  small  dark-brown  moths  about  34  inch 
long.  The  wing  margins  are  marked  with  six  or  seven  short,  dashes, 
silvery-white  in  color.  The  marks  on  the  inner  margins  form  a  double 
crescent  when  the  wings  are  folded  (Fig.  268,  B).  They  lay  their  eggs 
on  the  leaves,  stems,  and  la-ads  of  clover.     The  young  larvae  hatching 

1  Laspeyn ria  irUersHneUma  Clemens,  Order  Lepidoptera,  Family  Olethroutida-. 
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from  these  eggs  feed  on  the  clover  leaves,  or  more  usually  work  their  way 
into  tin1  ^irt'ii  clover  heads,  feeding  at  I  be  base  of  I  be  florets  and  desl  roy- 

inii;  from  half  to  all  of  the  florets  in  a  head.     The  larvae  are  said  not  to 
destroy  the  hardened  seed,  hut    eat    the  green,  soft,  newly  formed  seedfi 
They  complete  their  growth  in  1  or  5  weeks,  being  about  Y\  inch  long  and 
of  a  greenish   to  greenish-white  color   (Fig.   2(>8,   C).     They  spin  their 
cocoons  either  in  the  head,  or  about  the  base  of  the  clover  plants  and 


Fig.  268. — Clover-head  caterpillar,  Laspeyresin  inter stinctana  Clemens.  A,  larva  at 
work  in  head  of  red  clover,  slightly  enlarged;  B,  adult,  with  wings  folded,  about  eight 
times  natural  size;  C,  larva,  side  view,  about  eight  times  natural  size.  (From  III.  State 
Nat.  Hist.  Sur.) 


change  inside  the  cocoons  to  the  brown  pupal  stage,  which  lasts  about  15 
to  20  days.  The  moths  of  the  second  generation  emerge  about  mid- 
summer. A  third  generation  occurs  throughout  the  entire  southern  part 
of  the  insect's  range. 

Control  Measures. — The  only  measures  that  have  been  found  at  all 
practical  for  reducing  the  numbers  of  these  insects  are  the  same  as  those 
given  for  the  control  of  the  clover  seed  midge.  Rotation  of  crops  is  also 
of  some  benefit  in  keeping  down  the  numbers  of  this  insect. 


References.— N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  428,  1923;  III.  Agr.  Exp.  Sta.  Bull. 
134,  1909. 
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(  Iloveb  Seed  M  idge1 

Important  and  Type  of  Injury.  The  clover  seed  midge,  if  very 
abundant,  is  capable  of  practically  destroying  the  red-clover-seed  crop. 

lis  presence  is  indicated  by  the  failure  of  many  of  the  clover  florets  to 
open  (Fig-  269,  M<'!t  an(l  June).  Where  man}-  maggots  are  present  in 
the  head,  it  will  present  a  stunted  appearance  with  irregular  bloom,  most 
of  the  head  remaining  green,  the  florets  never  opening.  Infested  seed 
presents  a  shriveled  appearance,  or  scarcely  forms  within  the  base  of  the 
clover  head.  The  insect  has  no  effect  on  the  production  of  clover  for  a 
hay  crop. 

Plants  Attacked. — Red-clover  seed  is  apparently  the  favorite  food  of 
this  insect.  It  has  been  found  in  small  numbers  in  alsike,  mammoth, 
and  sweet  clover,  but  is  of  no  importance  on  these  crops. 

Distribution. — The  insect  occurs  generally  throughout  the  United 
States  from  the  East  to  the  Pactific  Coast;  also  in  the  southern  part  of 
Canada. 

Life  History,  Appearance,  and  Habits. — The  clover  seed  midge  passes 
the  winter  in  the  larval  stage  inside  a  frail  silken  cocoon  which  is  spun  on, 
or  shortly  below,  the  surface  of  the  ground  (Fig.  269,  September) .  Occa- 
sionally the  larvae  will  crawl  under  trash  and  not  spin  a  cocoon.  In  this 
stage,  the  insect  is  about  J^o  of  an  inch  in  length,  and  of  a  reddish-pink 
color.  In  early  spring,  the  larvae  change  inside  the  cocoons  to  the  pupal 
stage  and  emerge  during  April  and  May  as  very  small,  fragile,  delicate- 
winged  flies.  These  flies  are  of  a  gray,  dusty  color  with  a  bright-red 
abdomen  which  is  especially  noticeable  in  the  female.  The  female  is 
equipped  with  a  long  ovipositor  equal  in  length  to  her  body.  With  this, 
she  deposits  her  eggs  in  the  young  clover  heads  just  as  they  are  appearing 
from  the  buds  (Fig.  269,  May).  The  pale-yellow  eggs  are  attached 
singly  or  in  clusters  to  the  hairs  about  the  calyx  of  the  clover  blossoms, 
each  female  laying  about  100  eggs.  The  eggs  hatch  in  from  3  to  5  days, 
and  the  young  maggots  work  their  way  to  the  top  of  the  flowers,  and 
down  inside  the  unopened  petals.  Here  they  feed  by  sucking  the  sap 
and  thus  destroy  the  flower  and  prevent  the  formation  of  seed.  Upon 
becoming  full-grown,  the  larvae  drop  to  the  ground,  generally  during 
periods  of  rain  (Fig.  269,  Jane).  They  work  their  way  below  the  surface, 
and  there  change  inside  their  cocoons  to  the  pupal  stage.  The  first  of  the 
summer  generation  adults  usually  appear  during  the  first  part  of  July. 
They  lay  their  eggs  in  the  second-crop  clover,  and  from  these  come  the 
overwintering  maggots.  In  the  southern  part  of  the  country,  a  third 
generation  is  produced. 

Control  Measures. — When  this  insect  alone  is  causing  serious  damge  to 
clover  seed,  most  of  the  injury  may  be  prevented  by  cutting  the  clover  a 

1  Dasyneura  leguminicola  Lintner,  Order  Diptera,  Family  Cecidomyiids. 
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Fig.  269. — Diagram  showing  seasonal  history  of  the  clover  seed  midge,  Dasyneura  legu- 
minicola  Lintner.      (From  U.  S.  D.  A.  Farmers'  Bull.  971.) 
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In  i  Le  before  the  uninjured  heads  have  conic  into  full  bloom,  and  removing 
I  he  hay  from  I  he  field  as  soon  as  it  is  dry.  This  is  a  most  effect  ive  conf  rol 
measure)  as  the  cutting  a1  this  time  will  kill  practically  all  of  the  young 

midge  larvae  within  the  clover  heads.  The  insect  may  also  be  controlled 
to  Borne  extent  by  clipping  clover  about  2  weeks  before  any  of  the  heads 
show  the  bloom,  and  again  about  1  month  later.  This  brings  the  first- 
crop  clover  into  bloom  before  the  summer-generation  midges  have 
emerged.  These  measures  apply  mainly  to  the  control  of  the  clover  seed 
midge  and  also  to  the  clover-head  caterpillar.  Where  several  other  clover 
insects  are  present,  however,  this  practice  may  not  be  found  to  give  the 
best  production  of  seed. 

/,'./.  r<  nccs.—Ore.  Agr.  Exp.  Sta.  Bull.  203,  1917;  III.  Agr.  Exp.  Sta.  Bull.  134,  1909; 
U.  S.  Ihpt.  Agr.  Fanners'  Bull  971,  1918. 

B.  SOYBEAN  AND  COWPEA  INSECTS1 

Soybeans  and  cowpeas  have  been,  on  the  whole,  more  free  from  serious 
insect  injury  than  most  of  the  field  crops.  Grasshoppers  are  probably 
the  worst  insect  pests  of  these  crops,  and  in  years  when  they  are  abundant, 
may  seriously  damage,  or  nearly  destroy,  soybean  fields.  They  may  be 
controlled  by  the  same  methods  as  those  given  for  the  control  of  these 
pests  on  corn;  see  page  330.  The  poison-bran  bait,  however,  should  be 
applied  to  adjoining  fields  to  kill  the  hoppers  before  they  enter  the  soy- 
beans, as  they  seldom  originate  in  these  fields,  but  migrate  into  them  from 
adjoining  fields.  If  the  poison  bait  is  applied  in  the  soybean  fields,  it 
falls  between  the  plants  where  the  ground  is  heavily  shaded,  and  very 
little  of  it  is  eaten. 

The  green  clover  worm  (see  page  395)  has,  during  a  few  seasons, 
proved  to  be  a  very  destructive  pest  of  soybeans  and  cowpeas  in  the 
southern  states.  It  may  be  controlled  on  these  crops  by  dusting  with 
calcium  arsenate,  at  the  rate  of  5  to  7  pounds  per  acre,  applying  the 
material  writh  a  cotton  duster,  or  a  field-crop  duster.  In  most  years,  the 
insect  is  of  no  importance  on  these  crops  (see  N.  Car.  Agr.  Ext.  Circ.  105, 
1920). 

The  clover  root  curculio,  may  completely  destroy  soybeans  if  they  are 
planted  on  spring-broken  clover  sod.  The  adult  beetles  of  the  curculio 
attack  the  soybeans  as  they  first  come  up  and  eat  off  the  plants  as  fast  as 
they  appear  through  the  ground.  No  injury  has  been  reported  to  these 
crops  when  planted  on  clover-sod  ground,  plowed  in  the  fall  or  early 
winter.  Where  soybeans  are  to  follow  spring-broken  clover  sod,  it  should 
be  well  harrowed  and  planting  delayed  as  late  as  possible.  (For  full 
description  of  this  insect,  see  page  382.) 

In  the  southern  states  I  he  cow  pea  is  soinet  imes  badly  damaged  by  the 
caterpillars    of    the  corn   earworm   or  cotton   bollworm.     There   is   do 

1  See  Okie  Agr.  Exp.  Sta.  Bull  3G6,  192:5. 
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effective  method  of  controlling  this  insect  on  cowpeas.     Damage  occurs 

only  in  scattered  seasons  during  periods  of  their  greatest  abundance. 

The  OOWpea  weevil,1  the  four-spotted  bean  weevil-  and  some  Other 
weevils  often  are  very  destructive  to  stored  cowpea  seed.  The  insects 
deposit  their  eggs  in  the  cowpeas  in  the  field,  the  infestation  originating 
from  infested  seed,  or  from  scattered  cowpeas  remaining  in  the  field  from 
the  previous  year.  (The  control  of  these  insects  is  given  under  Stored 
Grain  Insects,  p.  764.) 

The  striped  blister  beetle  (see  p.  474)  is  sometimes  a  serious  pest  in 
soybeans  (see  U.  S.  Dept.  Agr.  Leaflet  12,  1927).  The  spotted  cucumber 
beetle  is  sometimes  abundant  on  soybeans  and  cowpeas,  but  never  suffi- 
ciently injurious  to  warrant  taking  special  control  measures.  Several 
aphids  also  attack  these  crops,  but  are  not  of  special  importance.  Leaf- 
hoppers  are  often  abundant,  especially  in  fields  of  soybeans,  and  occa- 
sionally cause  some  injury  to  the  leaves. 

The  Mexican  bean  beetle3  (see  Garden  Insects,  p.  451)  has  caused 
some  injury  to  soybeans  and  cowpeas  where  these  crops  were  grown  in 
close  proximity  to  heavily  infested  garden  beans.  It  has  not  been  of 
importance  in  the  areas  where  soybeans  or  cowpeas  are  grown  alone  as 
field  crops. 

1  Mylabris  chinensis  (Linne),  Order  Coleoptera,  Family  Mylabridre. 

2  Mylabris  quadrimaculatus  Fabricius. 

8  Epilachna  corrupta  Mulsant,  Order  Coleoptera,  Family  Coccinellidse. 


CHAPTER  XIV 

COTTON  INSECTS 

FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  COTTON 

.1.    Ihstcts  that  attack  the  square*  and  Ixdls: 

1.  Squares  Oaring,  and  either  falling  to  the  ground,  or  hanging  withered  and  dry 
on  the  plant.  Squares  and  bolls  with  wart-like  scars,  covering  punctures  which  -are 
about  the  diameter  of  a  pin.  Inside  of  bolls  decayed  and  soiled.  White,  curved- 
bodied,  brown-headed,  legless  grubs,  up  to  )-£  inch  long,  feed  in  the  squares  and  bolls 
destroying  the  unopened  buds,  lint,  and  seed.  Hard-shelled,  grayish  to  brown,  long- 
legged  beetles,  averaging  34  incn  long,  with  a  slender  snout  half  as  long  as  the  body, 
puncture  squares  and  bolls  to  feed  and  lay  eggs  in  them.     Cotton  boll  weevil,  page  411. 

2.  Flowers  fail  to  open,  squares  fall,  and  bolls  are  eaten  out  but  not  decayed- 
looking.  A  pinkish-white,  brown-headed  caterpillar  up  to  J^  inch  long,  found  inside 
the  fruits  or  seeds;  easily  distinguished  from  A,  1  by  having  eight  pairs  of  legs  and 
prolegs.  Larva}  often  bore  inside  of  the  seeds,  and  web  two  seeds  together,  so  that 
"double  seeds"  are  found  when  the  cotton  is  ginned.  Distinguished  from  other 
caterpillars  by  having  four  teeth  on  the  mandibles  and  the  crochets  on  the  prolegs 
horseshoe  shaped.  Restricted  to  western  Texas,  New  Mexico,  and  Arizona.  Pink 
bollirorm,  page  418. 

3.  Light  to  dark  green,  pinkish  or  nearly  black,  more  or  less  striped  caterpillars, 
up  to  1%  inches  long,  bore  into  squares  and  bolls  and  eat  out  the  interior.  The  worms 
have  three  pairs  of  slender  legs  behind  the  head,  and  five  pairs  of  fleshy  prolegs,  and 
t  he  skin  is  rough  and  thorny  appearing  under  a  lens.  Cotton  bollworm  or  corn  earworm, 
page  416. 

4.  Squares  eaten  out  as  in  A,  3  by  bright  green,  oval,  distinctly  flattened  cater- 
pillars, covered  with  short  velvety  hairs,  and  with  the  head  drawn  under  the  front  of 
the  body;  not  exceeding  Y±  inch  in  length.  Cotton-square  borer,  Uranotes  melinus 
Hubner,  (see  Sanderson  and  Peairs,  "Insect  Pests,"  p.  232,   1921). 

5.  The  lint,  especially  of  long-staple  cotton,  is  stained  an  indelible  yellow  color  by 
flattened,  rather  narrow,  long-legged  bugs  of  various  sizes  up  to  %  inch  long,  with  head 
and  prothorax  bright  red  and  the  rest  of  the  body  dark  brown,  crossed  with  light- 
yellow  lines.  The  bugs  puncture  the  seeds  in  the  developing  bolls  and  cause  a  juice 
to  exude  that  stains  the  lint.  Cotton  stainer,  Dysdercus  suturellus  Herrich-SchaefTer 
(see  U.  S.  Dent.  Agr.  Bur.  Entomol.  Circ.  149,  1912). 

6.  Squares  and  young  bolls  drop,  shrivel  or  decay;  small,  round,  blackened  spots 
appearing  on  their  surface  where  they  have  been  punctured  by  sap-sucking  bugs. 
Cat  ton-leaf  bug,  .stink  bugs  and  leaf-footed  plant  biigs  (see  U.  S.  Dept.  Agr.  Farmers' 
Bull.  223,  1905). 

7.  Small  squares  shed,  buds  blasted,  and  growth  stunted;  resulting  in  shortening 
of  internodes  and  development  of  an  excessive  growth  of  branches  close  together,  with 
deformed  leaves,  on  young  plants;  and  an  excessively  tall,  whip-like  growth  of  the 
main  slem  and  a  suppression  of  fruiting  branches  on  older  cotton.  Small  greenish 
bugs  from  'j.-,  to  's  inch  in  length,  with  scarlet  eyes,  cluster  on  the  growing  tips. 
Cotton  Jlcahop per,  page  121. 
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B.  Insects  that  chew  the  foliage,  often  stripping  thi  l<  I 

1.  Cotton  sometimes  seriously  defoliated,  especially  in  wet  seasons,  by  Blender, 
green,  black-and-white-striped  caterpillars,  with  four  black  dots  on  each  segment 

above,  and  ranging  up  to  l\£  inches  long.     They  crawl  with  a  slightly  looping  move- 
ment and  teed  only  on  cotton.      Cotton  leafirorm,  page  416. 

2.  Cotton,  along  with  most  other  plants,  defoliated  by  tan  or  green  to  nearly 
black  caterpillars  with  three  yellow  hair  lines  down  the  back  and  a  wider  one  on  tin- 
side  that  is  splotched  with  red.  Body  covered  with  fine  scattered  hairs  arising  from 
black  tubercles,  and  a  prominent  inverted  Y  on  the  front  of  the  head.  Fall  army  worm, 
page  435. 

3.  Foliage  devoured  by  very  hairy  or  woolly  caterpillars,  up  to  2  inches  long, 
black-bodied  and  covered  with  long  black  and  red  hairs.  Salt-marsh  caterpillars 
(see  U.  S.  Dept.  Agr.  Farmers'  Bull.  223,  1905). 

4.  Pieces  of  the  leaves  cut  off  and  carried  to  their  nests  in  the  soil  by  reddish- 
brown  ants  varying  from  ^12  to  3-y  inch  in  length.  Leaf-cutting  ant  (see  If.  S.  Dept. 
Agr.  Bur.  Entomol.  Circ.  148,  1912). 

5.  Large  and  small,  lubberly  grasshoppers  often  invade  cotton  from  near-by  waste 
lands  and  defoliate  the  plants.  Lubber  grasshoppers,  differential  grasshoppers  and 
others,  page  327. 

C.  Insects  that  suck  the  sap  of  the  leaves  or  stems: 

1.  Leaves  of  cotton  curled  or  dwarfed;  the  undersides  thickly  dotted  with  small, 
winged  or  wingless,  tan,  brown,  green,  or  black  plant  lice  of  various  sizes,  which  suck 
the  sap.      Melon  aphid  or  cotton  aphid,  page  464. 

2.  During  hot  weather  the  leaves  of  cotton  become  blotched  with  large  irregular 
areas  of  reddish  brown  so  that  entire  patches  of  varying  size  in  the  fields  look  red. 
Undersides  of  such  leaves,  when  examined  under  a  lens,  are  seen  to  be  swarming  with 
minute,  pale  greenish  to  reddish,  six-  or  eight-legged  mites.     Red  spider,  page  448. 

D.  Insects  that  bore  or  tunnel  in  the  stalks  or  puncture  and  split  them: 

1.  Caterpillars,  up  to  \}i  inches  long,  prominently  striped  with  brown  and  white 
in  front  and  behind,  but  with  a  large,  grayish-brown  "bruised-looking"  area  in  front 
of  the  middle,  burrow  through  the  heart  of  the  stem,  killing  the  terminals.  Especially 
bad  around  weedy  margins  of  fields  in  early  summer.  Stripes  disappear  when  cater- 
pillars become  full  grown.      Common  stalk  borer,  page  337. 

2.  Cotton  stalks  in  the  fall  of  the  year,  are  punctured  and  may  be  split  by  rows  of 
round  holes  of  the  diameter  of  a  pin  and  with  an  elongate  curved  white  egg  within. 
No  injury  to  cotton.     Tree  crickets,  page  637. 

E.  Insects  that  cut  off  and  devour  the  young  plants  or  seedlings: 

1.  Young  plants  cut  in  two  at  or  near  the  surface  of  the  soil,  or  the  leaves  eaten, 
at  night.  Plump,  dirty-looking  caterpillars,  of  various  shades  and  markings  of  green, 
browm,  and  black,  up  to  1}4  inches  long,  found  in  daytime  in  the  soil.  Often  curl  the 
body  when  disturbed.     Cutworms,  page  321. 

2.  Cotton  in  newly  broken  fields,  or  fields  that  were  very  grassy  the  year  preceding, 
attacked  while  small  by  swarms  of  robust,  long-legged,  grayish  or  brown  beetles,  3^ 
to  1  inch  long,  that  lack  the  underwings  and  cannot  fly.  They  feed  in  late  afternoon 
and  at  dusk,  and  may  eat  off  the  plants  over  a  large  field.  Wingless  May  beetles  or 
June  bugs  (see  U.  S.  Dept.  Agr.  Farmers'  Bull.  223,  1905). 

3.  Dark-brown  to  black,  humpbacked  beetles,  nearly  x/±  inch  long,  with  a  slender 
snout  one-third  as  long  as  the  body,  bent  down  between  the  legs,  appear  during  early 
summer  in  fields  that  were  in  cowpeas  the  previous  year,  and  eat  small  holes  in  leaves 
or  tender  parts  of  stem.     Cow  pea- pod  weevil  (see  N.  C.  Dept.  Agr.  Bull.  Vol.  29,  No.  6). 

4.  Many-legged,  hard-shelled  crayfish,  with  a  pair  of  pincher  legs  in  front,  crawl 
out  of  burrows  in  wet  soil  and  devour  the  plants.  Not  insects  but  Crustacea.  Cray- 
fish or  crawfish,  page  422. 
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/•'.  Insects  ilia!  attack  the  roots,  below  ground: 

1.  Seeds  tail  to  sproiil  or  plant  dies  when  small.  Slick,  whitish,  slender,  cylin- 
drical worms  up  to  l  inch  long,  with  six  small  le^s  behind  the  head,  are  found  in  the 
soil  or  eating  into  the  seeds  and  roots.  Corn  and  cotton  irirarorm,  ( / 1 oristOTWtUS 
uhleri  Horn)  (see  S.  C.  .\<jr.  Exp.  Sta.  Hull.  ISO,  1914). 

'J.    Seedlings  weak,  yellowish  in  color.      Many  small  brown  ants  tunneling  in  the 

s«»il  about  the  roots  and  caring  for  bluish-green,  wingless  plant  lice  or  aphids  about 

the  size  of  pinheads,  that  cluster  on  the  roots  and  suck  the  sap.      Com  root  ojihi'l  and 
corn  Jit  Id  ant  page  314. 

Cotton   Boll  Weevil1 

Importance  and  Type  of  Injury. — No  insect  pest  in  all  the  world  has 
gained  greater  notoriety  than  the  cotton-boll  weevil.  Very  careful  data 
have  been  collected  as  to  the  direct  loss  in  production  of  seed  and  lint 
due  to  this  pest.  The  most  recent  estimates  place  the  current  loss  at 
3,000,000  to  5,000,000  bales  of  cotton  a  year,  or  from  20  to  40  per  cent 
of  the  normal  production.  This  loss  amounts  to  from  $200,000,000  to 
8300,000,000  a  year.  It  seems  safe  to  say,  therefore,  that  the  total  loss 
inflicted  upon  the  cotton  interests  of  the  United  States  during  the  first 
35  years  of  the  boll  weevil's  invasion  has  been  between  $3,000,000,000 
and  $4,000,000,000.  In  addition  to  this  direct  loss,  there  have  been 
enormous  financial  losses  due  to  depreciated  land  values,  the  abandon- 
ment of  cotton  growing,  the  closing  down  of  cotton  gins  and  oil  mills,  the 
interruption  of  railroad,  bank  and  mercantile  business,  and  many  other 
economic  disturbances  in  territory  where  the  boll  weevil  has  appeared. 
It  should  not  be  supposed  that  the  cotton  farmer  sustains  all  of  the 
loss.  On  the  contrary,  it  is  borne  chiefly  by  the  users  of  cotton  goods. 
The  price  of  cotton  lint  has  advanced  from  6  to  8  cents  a  pound, 
before  1915,  to  25  to  40  cents  at  pound  since  that  time.  Dr.  W.  E. 
Hinds  estimates  that  each  person  in  the  United  States  pays  $10  a 
year  more  for  cotton  goods  than  he  would  if  the  boll  weevil  were  not 
present. 

The  injury  is  caused  by  the  adult  weevils  and  their  young  or  grubs. 
The  adults  (Fig.  270,  c)  puncture  the  squares  and  bolls  by  chewing  into 
them  with  their  long  slender  bills  to  feed  on  the  tissues  inside  and  to  lay 
their  eggs  in  the  holes.  This  causes  the  squares  to  flare  (6)  and  either 
drop  off  or  hang  withered  and  dry  (a).  The  grubs  that  hatch  from  the 
eggs  feed  inside  the  squares  and  bolls,  destroying  the  developing  flower 
so  that  it  fails  to  bloom  or  else  develops  seeds  with  little  fiber.  A  good 
indication  of  the  importance  of  this  feeding  is  the  fact  that  where  it  is 
prevented  by  poisoning  the  weevils,  gains  of  from  500  to  1,000  pounds 
of  seed  cotton  per  acre  are  often  secured,  the  average  gain  being  300  to 
400  pounds  per  acre. 

1  Anthonomus  grandis  Boheman,  Order  Coleoptera,  Family  Curculionidse. 
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Food  Plant 8.  This  pest  feeds  :iIiiiost  exclusively  on  col  Ion,  but  bai 
been  known  to  \\><>i\  also  on  okra  and  hibiscus.  A  variety  of  the  weevil1 
in  Arizona  feeds  on  a  wild  cotton  plant.-  This  variety  also  attacks 
cultivated  cotton. 


Fig.  270. — The  cotton  boll  weevil,  Anthonomus  grandis  Boheman.  On  the  right  a 
cotton  plant  attacked  by  the  boll  weevil,  showing  at  a,  a  hanging  dry  infested  square;  at 
b,  a  flared  square  with  weevil  punctures;  at  c,  a  cotton  boll  sectioned  to  show  attacking 
weevil  and  larva  in  its  cell;  g,  adult  female  with  wings  spread  as  in  flight;  d,  adult  from  the 
side;  h,  pupa  ventral  view  and  e,  larva.      (Rearranged  from  U.  S.  D.  A.) 

Distribution. — The  cotton  boll  weevil  is  not  a  native  of  the  United 
States.  Its  original  home  was  in  Mexico  or  Central  America.  Little 
was  known  about  it  previous  to  1892,  when  it  first  appeared  in  southern- 
most Texas.  From  that  date  it  has  spread  to  the  north  and  east,  an 
average  distance  of  about  60  miles  a  year  (Fig.  271).  An  average  of  more 
than  20,000  square  miles  of  new  territory  has  been  infested  by  the  weevil 
in  each  of  the  35  years  since  it  crossed  the  Rio  Grande  River.     It  now 

1  Anthonomus  grandis  thurberice  Pierce,  Order  Coleoptera,  Family  Curculionidae. 

2  Thurberia  thespesioides. 
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oocupies  more  than  90  per  cenl  of  fche  cotton-growing  territory  in  the 
United  States.  It  also  ranges  southward  throughout  Mexico  to  Guate- 
mala and  Costa  Rica  and  is  known  to  occur  in  Cuba. 

Life  History,  Appearance,  and  Habits. — The  boll  weevil  winters  chiefly 
in  the  adult  stage  in  all  kinds  of  shelter;  under  dead  leaves  and  cotton 
stalks,  under  loose  bark,  about  gins  and  barns,  in  woods,  along  fen< 
and  in  many  other  protected  places.  The  adult  beetle  (Fig.  270,  d,  g)  is 
a  small,  hard-shelled  weevil,  averaging  about  J^  inch  long,  of  a  yellowish, 
grayish,  or  brownish  color,  becoming  nearly  black  with  age.  It  has  a 
slender  snout,  half  as  long  as  the  body,  and  close-fitting,  smooth  wing 
covers  with  fine  parallel  lines  and  covered  with  short  gray  down  or  fuzz. 
The  most  characteristic  feature  about  the  boll  weevil  is  the  two  spurs  or 
teeth  near  the  end  of  the  front  femur,  the  inner  one  being  much  longer 
than  the  other,  and  a  single  tooth  on  the  middle  femur. 

From  about  the  time  early  cotton  is  up  (March),  until  early  June,  the 
adults  straggle  out  of  hibernation,  feeding  at  first  on  the  tender  terminal 
growth  of  the  plants.  As  soon  as  the  blossom  buds  or  " squares"  appear, 
the  weevils  attack  them,  eating  cavities  into  them  and  laying  a  single  egg 
in  each  hole,  and  usually  one  egg  to  a  square.  Each  female  may  lay  from 
100  to  300  eggs.  Later  in  the  season  eggs  are  laid  in  the  bolls,  but  the 
squares  are  always  preferred.  The  egg  hatches  in  3  days  to  the  grub  or 
larva.  The  larva  feeds  and  grows  1  or  2  weeks  inside  the  square  or  boll, 
molting  two  or  three  times  and  becoming  about  }4,  inch  long.  It  is  white, 
legless,  curved-bodied,  and  much  wrinkled,  with  brown  head  and  mouth 
parts  (Fig.  270,  e).  It  never  leaves  the  square  or  boll  in  which  the  egg 
was  laid,  but  transforms  to  the  pupa  stage  in  the  hollo  wed-out,  dirty 
cavity  formed  by  its  feeding.  The  pupa  stage  (h)  lasts  3  to  5  days  or 
more,  when  the  final  change  is  made  to  the  adult.  The  adults  eat  their 
way  out  of  the  squares  or  bolls,  mate,  and  within  4  or  5  days  may  be  laying 
eggs  for  a  new  generation.  Since  the  life  stages  may  be  passed  in  from 
15  to  25  days,  it  is  apparent  that  there  may  be  from  two  or  three  to  as 
many  as  eight  or  ten  generations  in  a  single  year.  Late  in  the  season,  as 
cotton  becomes  mature  (mid-August  to  early  September),  the  weevils 
spread  extensively,  taking  flights  by  short  stages  that  may  total  20  to  50 
miles  or  more.  The  chief  spread  of  the  insect  comes  at  this  time.  After 
heavy  frosts  the  insects  go  into  hibernation  as  already  described. 

Control  Measures. — Because  all  of  the  developing  stages  of  the  weevil 
are  spent  inside  the  squares  and  bolls  of  the  cotton  plant  and  the  adults 
insert  their  slender  snouts  below  the  surface  to  feed,  this  insect  is  one  of 
the  most  difficult  of  all  known  pests  to  control.  Successful  control  can 
be  achieved  only  by  a  combination  of  measures,  of  which  the  following 
are  the  most  important. 

1.  Fall  Destruction  of  Plants  in  the  Field. — When  examination  shows 
that  nearly  all  of  the  squares  in  the  field  are  being  punctured  by  weevils, 
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the  cotton  should  be  harvested  as  soon  as  possible  ;in<l  the  stalks  plowed 
out,  Immediately  collected  together  and  burned  or  plowed  under  deeply. 

No  more  cotton  can  he  made  from  punctured  squares,  and  I  he  prompt 
destruction  of  the  plants  prevents  the  maturing  of  thousands  of  Late 
weevils,  which  are  the  chief  ones  to  winter  over.      The  destruction  of  the 

plants  before  the  first  killing  frost,  and  fall  plowing,  will  remove  hibernat- 
ing places  and  make  possible  the  early  planting  of  the  next  crop. 

2.  Making  an  Early  Crop. — Since  the  weevils  prefer  squares  in  which 
to  lay  their  eggs  and  such  squares  are  doomed  to  make  no  cotton,  it  is  of 
the  greatest  importance  to  get  the  blossoms  past  the  square  stage  to  the 
boll  stage  before  weevils  become  abundant  enough  to  damage  many  of 
them.  The  use  of  early-maturing  varieties,  planting  as  early  as  the  seed 
bed  can  be  thoroughly  well  prepared;  enriching  the  soil  by  the  use  of 
legumes  and  commercial  fertilizers;  and  frequent  shallow  cultivation  not 
too  close  to  the  plants  are  important  in  making  the  early  crop. 

3.  Dust  Poisoning. — When  the  crop  has  been  made  by  the  best  farm- 
ing possible,  it  should  be  protected  and  further  increased  by  poisoning  the 
weevils  with  calcium  arsenate.  This  will  generally  pay  where  the  land 
normally  yielded  at  least  one-third  to  one-half  bale  per  acre  before  the 
weevil  invasion.  An  average  gain  of  300  to  400  pounds  of  seed  cotton 
per  acre  is  commonly  secured  where  proper  dusting  is  done.  Proper 
dusting  requires  (a)  the  purchase  of  good  machinery;  (6)  the  use  of 
calcium  arsenate  dust  containing  not  less  than  40  per  cent  total  arsenic 
pentoxid,  of  which  not  more  than  three-fourths  of  1  per  cent  is  in  water- 
soluble  form,  and  of  a  density  between  80  and  100  cubic  inches  per  pound ; 
(c)  dusting  at  night  or  on  calm  humid  days  if  ground  machines  are  used; 
(r/)  making  three  or  four  applications  at  intervals  of  4  days  and  using  5  to 
7  pounds  per  acre ;  (e)  delaying  the  first  application  until  10  to  15  out  of 
100  squares  on  the  average  are  punctured  by  weevils. 

Since  about  1923,  applying  the  poison  by  airplane  has  become  very 
successful.  Specially  designed  planes  fly  from  5  to  25  feet  above  the 
cotton  tops  at  a  speed  of  about  80  to  100  miles  an  hour.  They  discharge 
the  calcium  arsenate  dust  from  special  hoppers  in  a  swath  200  to  250  feet 
wide  and  dust  the  cotton  at  a  rate  of  400  to  500  acres  per  hour.  The  work 
is  done  during  the  daytime  and  can  be  made  more  thorough  than  hand- 
or  ground-machine  dusting  and  requires  only  about  two-thirds  as  much 
poison.  The  dust  delivered  from  air  planes  sticks  to  the  foliage  better 
because  of  the  electrical  charge  it  carries.  The  total  cost  for  airplane 
dusting  averages  about  SI  per  acre  for  each  application. 

I  Pre-square  Poisoning. — When  the  infestation  as  the  very  first 
squares  appear  on  the  plants  amounts  to  more  t  han  20  weevils  per  acre,  a 
poison  syrup  or  calcium-arsenate  dust  should  be  applied  to  the  tips  of  every 
plant.  The  poison  syrup  is  made  by  mixing  2  pounds  of  calcium-arsenate 
powder  in  }•£  gallon  of  water,  stirring  to  a  white  paste      Add  1  gallon  of 
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good-grade  table  syrup  and  stir  thoroughly.     It  may  be  applied  with 

home-made  mops  or  swabs. 

References.-  U,  S.  Dept.  Agr.  Bur.  Entomol.  Hull.  114  (U.  S.  Senate  Document 
No.  305)  1912;  r.  S.  Dept.  Agr.  Farmers'  Hull.  1329,  1923;  Quar.  Hull.  State  Plant 
Board  of  Fla.  \'  1 1 1,  2,  1924;  the  publications  of  local  experiment  stations. 

Cotton  Bollworm  ok  Corn    Ear  worm1 

This  caterpillar  which  also  attacks  corn  (see  p.  350),  tobacco,  tomatoes 
(see  p.  490),  beans,  vetch,  alfalfa,  and  many  garden  plants  and  flowers, 
destroys  the  squares  and  bolls  by  eating  into  them.  Unlike  the  boll 
weevil  the  parent  stage  is  a  moth  that  does  no  harm  except  to  lay  t  he  <'ggs. 
The  eggs  are  laid  on  the  leaves  and  outside  of  squares.  The  caterpillars 
do  not  remain  in  one  boll  but  bore  out  again  and  crawl  from  square  to 
square,  a  single  worm  often  destroying  all  of  the  fruits  on  a  branch  of  the 
plant.  The  pupa  stage  is  passed  in  the  soil  at  a  depth  of  1  to  4  inches. 
The  first  two  generations  are  usually  passed  on  corn,  tobacco,  and  other 
plants,  and  it  is  not  until  the  third  generation  (August  and  later)  that  the 
bollworm  becomes  destructive  to  cotton. 

On  this  account  every  effort  should  be  put  forth  to  make  an  early  crop, 
as  suggested  for  controlling  the  boll  weevil.  Since  the  insect  winters  in  a 
helpless  pupa  stage  in  the  soil,  deep  plowing  and  cultivating  the  soil  in 
fall  and  winter  is  effective  by  turning  up  the  pupa?  and  exposing  them  to 
natural  enemies  and  to  the  weather.  Dusting  as  for  the  boll  weevil  gives 
effective  control  for  this  insect  also. 

Cotton  Leaf  Worm2 

Importance  and  Type  of  Injury. — Slender,  greenish,  looping  worms, 
with  black-and-white  stripes  and  a  number  of  small  rounded  black  spots 
scattered  over  the  body  (Fig.  272,  B)  rag  or  strip  the  leaves  of  cotton, 
especially  late  in  the  season.  Four  of  the  black  dots  form  a  square  on  the 
back  of  each  segment,  and  the  last  pair  of  prolegs  stands  out  conspicu- 
ously behind  the  body.  The  adult  moth  sometimes  causes  injury  to  ripe 
peaches,  grapes,  and  other  fruits  by  lacerating  them  with  spines  on  the 
end  of  its  tongue.  In  this  respect  it  is  a  striking  exception  to  the  rule 
that  adults  of  Lepidoptera  are  not  injurious. 

Plants  Attacked. — The  larva  feeds  only  on  cotton.  Adults  sometimes 
feed  destructively  on  ripe  peaches,  grapes,  and  other  fruits. 

Distribution. — Eastern  United  States  from  the  Great  Lakes  southward 
into  the  tropics.  More  destructive  in  the  Gulf  States  than  farther 
north. 

Life  History,  Appearance,  and  Habits. — This  insect  is  not  known  to 
winter  in  the  United  States.     It  is  a  tropical  insect,  but  frequently  the 

1  Heliothis  obsoleta  Fabricius,  Order  Lepidoptera,  Family  Noctuidae. 

2  Alabama  argillacea  Hiibner,  Order  Lepidoptera,  Family  Noctuidae. 
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adult  moths  fly  northward  in  great  numbers  as  far  as  the  Great  La] 
and  even  into  Canada.  The  eggs  arc  deposited  on  the  underside  of 
cotton  leaves.  The  larva4  reach  full  size  (lj.j  inches  in  length)  in  2  to3 
weeks.  They  pupate  on  the  plant,  inside  a  fold  of  leaf  or  fastened  by 
their  tails  to  the  foliage  (Fig.  272,  A).  A  generation  is  completed  in 
about  a  month.  There  are  from  three  to  seven  generations  in  the  cotton 
belt,  and  the  moths  of  each  successive  generation  fly  farther  and  farther 
to  the  north.  The  moths  (Fig.  272,  C),  which  measure  about  1J4  inches 
from  tip  to  tip  of  wing,  are  of  an  olive-tan  color  with  three  more  or  less 
prominent,  wavy  transverse  bars  on  each  front  wing.  All  stages  die 
out  during  the  winter  in  the  United  States;  the  species  surviving  only 
in  the  tropics. 

Control  Measures. — Where  poisoning  for  the  boll  weevil  is  practiced, 
this  insect  will  not  give  trouble.  If  it  appears  early  in  the  season,  an 
application  of  calcium  arsenate  should  be  made.  Late  in  the  season  the 
feeding  of  the  leaf  worm  is  considered  a  benefit  in  boll-weevil  territory 
because  it  destroys  the  top  growth  which  could  not  make  cotton  and 
which  would  sustain  the  boll  weevil  late  in  the  fall.  When  the  adults 
are  troublesome  in  orchards  it  has  been  found  possible  to  prevent  much 
injury  by  applying  a  sulfur  dust  with  a  power  duster.  In  small  orchards 
or  vineyards  many  of  the  moths  may  be  killed  by  setting  around  the 
trees  a  few  pans  of  crushed  fruits  poisoned  with  sodium  arsenite,  two 
teaspoonfuls  to  the  gallon. 

Cotton  Aphid1  or  Melon  Aphid 

Almost  as  soon  as  cotton  has  put  out  leaves,  small,  soft-bodied,  pale- 
green  plant  lice  fly  to  them  and  start  their  families.  In  cool,  wet  seasons, 
when  their  own  enemies  cannot  work  against  them  so  well,  they  may 
become  abundant  enough  to  stunt  and  deform  the  plants.  Often,  when 
the  hot  weather  of  summer  comes  on,  they  practically  disappear.  Spray- 
ing or  dusting  with  nicotine  may  be  used  to  destroy  them,  but  the  expense 
will  seldom  be  justified.     (See  also  p.  464.) 

Corn  Root  Louse2 

This  root-feeding  plant  louse  and  its  attendant  ant  are  pests  of 
cotton,  which  they  attack  just  as  they  do  corn  in  some  parts  of  the 
cotton  belt,  especially  in  the  Carolinas.  The  life  history,  descriptions, 
and  control  are  discussed  under  corn  insects  (see  p.  314). 

Pink  Bollwtorm3 

Importance  and  Type  of  Injury. — The  pink  bollworm  is  considered 
one  of  the  half-dozen  most  destructive  insects  in  the  world.     Its  attack 

1  Aphis  gossypii  Glover,  Order  Homoptera,  Family  Aphididae. 

2  Anuraphis  maidi-radicis  Forbes,  Order  Homoptera,  Family  Aphididae. 

3  Pectinophora  gossypiella  Saunders,  Order  Lepidoptera,  Family  Gelechiidae. 
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causes   the   BquareS   to   fall   or   blossoms   fail    to  Open   and,   as   the  season 

advances,  the  bolls  are  rendered  worthless  by  the  feeding  within  them 
of  a  number  of  pinkish-white  caterpillars,  which  very  often  eat  into  the 

seeds.  The  Caterpillars  range  Up  to  '  ■_>  inch  in  length,  are  cylindrical, 
and  pinkish  on  the  upper  part.  The  lint  fails  to  develop,  or  is  so  stunted 
as  to  be  unpickable,  and  the  yield  of  oil  from  the  seed  is  greatly  decreased. 
Double  seeds  (Fig.  27 1)  are  found  when  the  cotton  is  ginned,  two  partly 
eaten  seeds  being  fastened  together.  A  loss  of  from  one-fifth  to  one-half 
of  the  value  of  the  crop  is  regularly  suffered  in  infested  areas,  and  the 
establishment  of  this  pest  throughout  our  cotton  belt  would  doubtless 
result  in  "an  annual  loss  of  20  to  40  per  cent  of  the  crop,  or  a  money 
loss  of  several  hundred  million  dollars  annually"  (Hunter). 

Plants  Attacked. — Cotton  and  rarely  okra;  and  possibly  hollyhock 
and  other  malvaceous  plants. 

Distribution. — The  pest  is  believed  to  be  a  native  of  India,  whence 
is  has  been  carried  by  commerce  to  most  of  the  other  cotton-producing 
countries  of  the  world.     It  is  well  established  and  a  very  destructive 


Fi(j.  273. — Larva  of  the  pink  bollworm.     About  six  times  natural  size.      {From  ('.  S.  D.  .1. 

Dept.  Bull.  1397.) 

pest  in  nearly  all  of  the  cotton-growing  countries  of  Asia,  and  adjacent 
islands,  including  Hawaii  and  the  Philippines,  in  north,  east  and  west 
Africa,  in  Australia,  in  Brazil,  in  the  West  Indies  and  in  Mexico.  It  was 
brought  to  Mexico  in  1911  in  seed  imported  from  Egypt,  and  in  1915  or 
1916  was  carried  across  the  border  into  Texas  in  cotton  lint  and  seed. 
Since  its  first  discovery  in  Texas  in  1917,  it  has  been  found  at  many 
points  in  Texas  and  near  the  border  in  New  Mexico,  and  also  in  Louisiana. 
Since  its  first  discovery  in  the  United  States,  Congress  has  made  appro- 
priations averaging  more  than  half  a  million  dollars  a  year,  to  bring 
about  its  eradication.  Two  infestations  in  Louisiana  and  four  in  eastern 
Texas,  one  of  them  covering  about  seven  counties,  have  apparently 
been  completely  exterminated.  In  extreme  western  Texas  and  New 
Mexico,  the  danger  of  continuous  reinfestation  from  across  the  border 
has  made  the  expensive  extermination  work  inadvisable. 

Life  If /story,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
larval  stage  (Fig.  273),  the  insect  being  curled  up  in  a  small  cocoon 
either  in  stored  seed  (Fig.  274)  or  in  the  soil  or  in  bolls  in  the  field.  Some 
of  these  larva-  are  long-cycle,  or  resting,  caterpillars  that  may  remain  in 
this  stage  as  long  as  2'j  years.  These  are  frequently  found  inside  the 
seeds,  and  there  is  the  greatest  danger  of  spreading  the  insect  to  great 
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distances  by  shipping  seed.  Pupation  takes  place  in  the  upper  2  inches 
of  the  soil  or  on  the  ground  under  trash  or  in  the  seeds  or  bolls.  The 
pupa  is  not  quite  smooth  but  is  covered  with  very  short  fine  pubescence 
In  1  to  3  weeks  the  small,  dark-brown  moths  emerge.  They  measure 
about  %  inch  from  tip  to  tip  of  wings,  and  somewhat  resemble  the 
common  clothes  moth.  The  wings  are  narrow,  with  a  wide  fringe,  and 
are  peculiarly  pointed  at  the  tip.  The  first  segment  of  the  antenna  has 
five  or  six  long  stiff  hairs,  and  the  palps  are  long  and  curved.  The 
moths  are  seldom  seen,  as  they  hide  during  the  daytime. 

The  greenish-white  eggs  are  scattered  all  over  the  cotton  plant,  but 
mostly  on  the  bolls,  from  1  to  nearly  100  in  a  place,  and  hatch  in  4  to 


Fig.  274. — Cotton  seeds  containing  pink  bollworms  opened  to  show  the  cells.  Both 
single-  and  double-seeded  cells  are  shown,  the  double-seeded  ones  being  broken  apart. 
(From  U.  S.  D.  A.  Dept.  Bull.  1397.) 

12  days.  The  larvae  promptly  drill  into  the  squares  and  eat  the  develop- 
ing flowers  or  into  the  bolls,  where  they  consume  both  lint  and  seeds. 
After  growing  for  3  or  4  weeks,  they  may  change  to  pupae  and  form 
adults  for  a  new  generation,  or  may  hang  over  as  the  resting  larvae. 
There  are  from  four  to  six  generations  in  a  year. 

Control  Measures. — The  worms  can  be  killed  in  cotton  seed  by 
heating  to  145°  F.,  without  injury  to  the  seed.  The  cleaning  and  fumi- 
gating of  gins,  oil  mills,  warehouses  and  seeds  with  carbon  bisulfide  is 
important.  Early  maturity  of  the  crop,  followed  by  the  burning  of  old 
stalks  and  bolls  is  the  best  farm  practice.  Careful  application  of  arsen- 
icals  to  the  plants  reduces  the  infestation  materially,  but  no  really  satis- 
factory control  for  this  serious  pest  has  been  discovered.  Every  effort 
is  being  made  to  prevent  its  spread  over  the  cotton  belt. 

It  has  apparently  been  stamped  out  of  the  small  areas  in  eastern 
Texas  and  Louisiana  where  it  became  established,  by  annual  clean-ups 
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and  by  preventing  the  growth  of  cotton  in  the  infested  districts.  Strict 
quarantines  are  in  force  to  prevent  continuous  reinfestations  from  cotton 
seed  carried  across  the  border.     On  account  of  the  difficulty  of  enforcing 

this  absolutely,  it  has  been  proposed  to  establish  a  "no-cotton  belt,"  300 

to  500  miles  wide,  along  the  Rio  Grande  in  western  Texas. 

References.  U.  S.  Dept.  Agr.  DepL  hulls.  1:571  and  L397,  1926;  U.  8.  Dept.  Agr. 
Dept.  Hull.  918,  1921;  Jour.  Agr.  Research.,  Vol.  9,  pp.  343  370,  1917. 

Cotton  Fleaiiopper1 

Importance  and  Type  of  Injury. — In  scattered  areas  throughout  the 
cotton  belt,  this  small  green  sucking  bug  has  sporadically  caused  serious 
losses  by  sucking  the  sap  from  the  very  small  squares  and  other  terminal 
growth,  resulting  in  excessive  shedding  and  an  abnormal  whip-like 
growth  of  the  plant  as  described  in  the  key. 

Plants  Attacked. — In  addition  to  cotton,  croton,  evening  primrose, 
goat-weed,  sage  weed,  horsemint,  orach,  wild  sunflower  and  at  least  30 
other  species  of  weeds. 

Distribution. — General  throughout  the  cotton  belt  and  over  much  of 
the  United  States. 

Life  History,  Appearance,  and  Habits. — The  cotton  fleahopper 
hibernates  in  the  egg  stage  on  croton,  sage  weed,  goatweed,  Atriplex, 
and  other  weeds.  In  southern  Texas  it  appeared  on  horsemint  early 
in  March,  migrated  to  cotton  late  in  April,  and  deserted  the  cotton  by 
the  end  of  July,  feeding  for  the  remainder  of  the  season  on  croton, 
evening  primrose,  snap  beans,  and  potatoes.  The  eggs,  which  are 
yellowish  white,  about  Jio  mch  l°ng  by  a  fourth  as  wide,  are  inserted 
beneath  the  bark,  especially  just  below  the  growing  tips.  In  a  little 
over  a  week  they  hatch  and  the  greenish  nymphs  begin  sucking  the  sap 
from  the  terminal  bud  cluster,  including  young  leaves,  stems,  and 
squares.  The  extent  of  the  injury  suggests  that  a  toxin  may  be  inserted 
in  the  plant  as  the  insect  feeds.  The  nymphs  molt  five  times,  and 
within  10  to  30  days  are  mature  bugs.  The  adult  is  about  }£  inch  long, 
flattened,  elongate  ovate  in  outline,  with  prominent  antenna4,  and  pale 
yellowish  green  in  color,  with  minute  black  hairs  and  black  specks  over 
the  upper  surface.  The  generations  are  not  distinctly  separated,  as 
reproduction  is  continuous  throughout  the  warm  season. 

Control. — When  this  insect  appears  in  abundance  and  there  is  con- 
siderable blasting  of  the  tiny  squares,  an  application  of  superfine  dusting 
sulfur  or  flour  sulfur  at  the  rate  of  10  to  15  pounds  per  acre  is  recom- 
mended, to  be  followed  at  3-  to  7-day  intervals  by  one  to  four  successive 
dustings.  The  eradication  of  weeds  and  the  destruction  of  cotton  stalks 
during  fall  and  winter  are  recommended. 

1  Psallus  sericUtu  Reuter,  Order  Bemiptera,  Family  Mirids. 
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Reference*.  Tex.  Agr.  Exp.  Sta.  BuU.  339,  1926,  and  Bull.  380,  L928;&  C.  Agr. 
Exp.  Sta.  Bull  235,  1927;  U.  8.  Dept,  Agr.  Dept.  Ore  361,  1926. 

Crayfish  ob  Land  Crabb1 

Those  pests  (Fig.  93),  which  are  not  insects  but  relatives  of  the  food  crabfl  and 
lobsters,  become  serious  pests  of  cotton,  corn,  and  some  other  crops  in  the  lowlands  of 
the  lower  Mississippi  Valley.  They  make  holes  down  to  the  water  level  and  in  timet 
of  wet  weather  come  out  and  destroy  the  plants.  They  can  be  controlled  very 
effectively  by  applying  l4  ounce  of  calcium-cyanide  dust  to  each  hole  during  early 
spring,  and  closing  the  holes  with  soil. 

Reference.—  U.  S.  Dept.  Agr.  Yearbook  for  1911,  pp.  321,  324,  1912. 

1  Class  Crustacea,  Order  Decapoda,  Family  Astacidae. 


CHAPTER  XV 

TOBACCO  INSECTS 
FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  TOBACCO 

.1.  Insects  chewing  holes  in  the  leaves: 

1.  Large  preen  caterpillars,  up  to  4  inches  long,  with  diagonal  white  bars  on  the 
sides  and  a  Blender  horn  at  the  tip  of  the  body,  cling  to  the  vines  and  rapidly  strip  off 
the  foliage.      Numerous  pellets  of  excrement  on  the  ground.     Hornworms,  page  429. 

2.  Very  small,  oval,  active,  jumping  beetles,  about  \{q  inch  long,  dark  brown  in 
color,  with  more  or  less  black  across  the  wing  covers,  eat  tiny  "shot  holes"  in  the 
Leaves.      Tobacco  flea  beetle,  page  424. 

3.  Large,  grayish  to  brownish  hoppers  often  invade  tobacco  fields  in  great  numbers 
from  surrounding  grass  and  clover,  when  these  crops  are  harvested,  and  rag  the  leaves 
severely.     Grasshoppers,  page  327. 

B.  Insects  mining  between  upper  and  lower  surface  of  the  leaves: 

1.  Grayish,  irregular,  blotch  mines  (later  turning  brown),  especially  in  the  older 
leaves;  grayish-white  caterpillars,  up  to  }i  or  %  inch  long,  with  a  pinkish  or  greenish 
t  inge  and  brown  at  each  end,  may  be  found  in  the  mines  between  upper  and  under  leaf 
surface.      Tobacco  leaf  mirier  or  splitworm,  page  426. 

C.  Insects  boring  in  the  buds  or  seed  pods: 

1.  Greenish  caterpillars  with  pale  longitudinal  stripes,  up  to  l}^  inches  long, 
tunnel  holes  into  the  leaf  buds  as  the  plants  begin  to  top,  causing  the  leaves  to  be 
misshapen  and  pierced  by  large  holes.  Later  the  caterpillars  bore  into  the  seed  pods. 
Tobacco  bud  worm,  page  426. 

2.  Green,  tan,  or  blackish  caterpillars,  nearly  1%  inches  long  when  full-grown, 
attack  the  plant  as  in  C,  1,  but  mostly  later  in  the  season.  Bodies  of  the  worms 
sparsely  haired,  the  skin  rough  and  thorny  looking  under  a  lens,  often  heavily  striped 
and  with  more  or  less  reddish  markings.     Corn  earworm  or  false  bud  worm,  page  427. 

D.  Insects  boring  into  the  stem: 

1.  Yellow  to  pinkish-white  caterpillars,  up  to  %  inch  long,  live  in  silken  tubes 
covered  with  grains  of  sand,  at  the  surface  of  the  soil.  They  burrow  into  the  plant 
below  ground  and  then  tunnel  upward,  causing  the  plant  to  wilt  and  sometimes  cut- 
ting off  the  terminal  bud.      Tobacco  ivebworm,  page  428. 

2.  Smooth,  tough,  yellowish  to  reddish-brown,  six-legged,  slender  worms,  up  to 
l1^  inches  long,  burrow  into  the  plant  at  the  surface  of  the  soil  and  hollow  out  the 
stalk  above  and  below  the  entrance  hole,  causing  the  plants  to  wilt.  The  worms  may 
also  eat  off  the  roots.      Wireworms,  or  "pith  worms"  (see  N.  C.  Dept.Agr.  Spcl.  Bull., 

Supplement,  October,  1909),  pp.  46-53). 
/•.'.    Insects  burrowing   or  uprooting  or  cutting  off  the  young  plants  near  the  surface  of  the 

ground: 

\.  Plump,  smooth,  greenish,  brownish  or  grayish,  more  or  less  spotted  or  striped 
caterpillars,  up  to  2  inches  long,  eat  off  the  plants  at  night  and  hide  in  the  soil  during 
the  day.  Especially  destructive  during  April,  May,  and  early  June.  Cutworms, 
page  128. 

2.  Seed  beds  in  use  for  more  than  1  year  become  infixed  with  large,  while.  si\- 
legged  grubs,  that   crawl  on  their  backs  over  the  surface  of  the  ground  and  burrow 
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and  work  up  the  soil  to  such  an  extent  that  the  small  plants  are  covered  or  uprooted 
and  seriously  damaged.    Green  June  beetle,  page  007. 
F .   Insects  sucking  the  sap  of  the  plant: 

1.  Small  plants  or  the  leaves  or  tops  of  older  plants  wilt  suddenly.  Broad, 
flat,  shield-shaped  bugs,  about  Yi  inch  long  and  of  a  buff  to  greenish  color  suck  at 
stems,  petioles,  or  veins.  S pined  tobacco  bug,  Euschistus  servus  (Say)  (N.  C.  Depi. 
Agr.  Spcl.  Bull.  (Supplement,  October,  1909),  pp.  58-59). 

2.  Second-crop  and  late  tobacco  leaves  yellow  and  later  split  and  become  ragged- 
looking,  due  to  the  feeding  of  a  greenish-black,  slender  bug,  the  largest  only  %  inch 

long  and  about  one-fourth  as  broad,  with  long, 

slender    legs    and    antenna'.     Tobacco    .suck  jly, 

Dicyphus  minimus  Uhler  (see  Fla.  Agr.  Exp.  Sta. 

Bull.  48,  1898). 

(r.  Insects  attacking  tobacco  and  tobacco  products  in 

storage: 

1.  Cigars,  cigarettes,  and  package  tobaccos, 
infested  with  small,  white,  curved,  very  hairy 
grubs  and  very  small,  light-brown  beetles  (Ye 
inch  long)  which  eat  holes  through  the  wrappers 
or  feed  within  the  packages.  The  beetles  have 
smooth  wing  covers  and  antennae  not  enlarged  at 
end.     Tobacco  beetle,  page  744. 

2.  Small,  white,  curved  grubs,  similar  to  (7,  1, 
but  not  hairy;  and  small,  rather  narrow,  oval, 
reddish-brown  beetles,  with  parallel  lines  on  the 
wing  covers  and  last  3  segments  of  the  antennae 
enlarged,  tunnel  through  tobacco  and  many  other 
substances.     Drug-store  beetle,  p.  745. 

Tobacco  Flea  Beetle1 

Importance  and  Type  of  Injury. — The 
adult  flea  beetles  chew  small  rounded  holes 
into  or  through  the  leaves,  especially  from 
the  underside  (Fig.  275).  They  attack  the 
young  plants  in  the  seed  beds  almost  as 
soon  as  they  come  up,  and  often  ruin  entire  beds.  After  the  plants  are 
transplanted,  they  weaken  or  kill  them  in  the  field.  Damage  continues 
until  the  crop  is  harvested,  the  mature  leaves  often  being  spotted  with 
holes  which  greatly  lessen  the  quantity  and  the  quality,  especially  of 
cigar-wrapper  tobacco.  It  has  been  estimated  that  a  flea  beetle  eats 
ten  times  its  own  weight  in  a  day.  The  larvae  feed  on  the  roots  of 
tobacco  and  other  plants  of  the  same  family,  cutting  off  the  small  roots 
and  sometimes  tunneling  into  the  stalk.  As  a  result  of  the  feeding  of 
the  beetles,  fungus  diseases  are  encouraged  and  spread  among  the 
tobacco.     This  is  considered  the  most  injurious  insect  of  tobacco,  at 

lEpitrix  parvula    (Fabricius)   and   Epitrix  cucumeris   Harris,    Order  Coleoptera, 
Family  Chrysomelidffi. 


Fig.  275. — Tobacco  leaf  badly 
damaged  by  tobacco  flea  beetle. 
{From  Ky.  Agr.  Exp.  Sta.  Bull.  26G.) 
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least   in  some  sections.     Morgan  estimated  the  loss  in   Kentucky  and 
Tennessee  in  one  year  ( L907)  as  dose  to  $2,000,000 

Plants  Attacked..  Tobacco,  tomato,  potato,  eggplant,  pepper,  night- 
shade, JimSOO  weed,  ground  cherry,  and  horse  nettle  are  attacked 
regularly,  and  many  other  plants  to  a  less  extent. 

Distribution.  —Probably  in  all  tobacco-growing  sections  of  the  United 
States  and  ( Sanada. 

Life  History,  Appearance,  and  Habits. — The  brownish,  black-clouded, 
hard-shelled  little  beetles,  only  }{G  inch  long  (Fig.  276),  hide  during  flic 
winter  in  great  numbers  under  leaves,  grass,  and  trash  on  the  ground 
about  tobacco  fields,  especially  along  the  margins  of  woods.  Here  they 
hibernate  or  remain  more  or  less  active, 
depending  on  the  temperature.  As  soon  as 
the  plants  come  up  in  the  seed  beds  the 
beetles  attack  them,  increasing  in  numbers 
from  then  until  harvest  time,  when  they  begin 
to  disappear. 

The  eggs  are  laid  mostly  on  the  surface 
of  the  soil  under  the  plant.  They  hatch  in 
a  week,  and  the  delicate,  slender,  white  larvae 
burrow  into  the  soil  and  feed  on  the  fibrous 
rootlets  mostly  within  a  few  inches  of  the  sur- 
face. They  become  full  grown  in  a  couple 
of  weeks.  They  are  then  about  Y§  inch  long 
by  }6o  mcn  thick  and  dirty  white  except  for 
the  brownish  mouth  parts.  After  4  or  5 
days  spent  as  a  whitish  pupa  in  the  soil,  the  new  adult  emerges, 
are  probably  three  or  four  generations  a  year  in  the  South. 

Control  Measures. — The  ground  surrounding  the  seed  bed  should  be 
burned  over  in  late  winter.  Less  injury  will  occur  if  the  seed  beds  are 
located  as  far  from  good  hibernating  quarters  as  possible  and  at  a  con- 
siderable distance  from  the  new  fields.  Seed  beds  should  be  boarded  or 
planked  up  on  the  sides  and  covered  with  tobacco  cloth  having  25  strands 
to  the  inch,  making  the  covering  beetle-tight.  Surrounding  the  seed  bed 
should  be  a  2-  or  3-foot  strip  of  early-seeded  tobacco,  protected  with  poles 
and  cloth  and  kept  dusted  writh  a  mixture  of  1  pound  Paris  green  in  5 
pounds  arsenate  of  lead.  If  the  beetles  get  into  the  seed  beds  the  plants 
should  be  dusted  or  sprayed  lightly  with  1  part  Paris  green  in  5  parts 
arsenate  of  lead  every  10  days.  The  poison  should  be  applied  while  the 
plants  are  dry,  using  about  1  ounce  of  the  mixture  to  each  100  square  feet 
of  ^vvd  bed.  As  the  plants  are  set  out,  the  leaves  should  be  dipped  in  a 
mixture  of  1  pound  powdered  arsenate  of  lead  to  10  gallons  of  water.  Or 
the  newly  set  plant s  may  be  dusted  with  the  above  mixture  of  Paris  gieeii 
and  arsenate  of  lead,  using  .'3  or  4  pounds  to  the  acre.      After  the  crop  is 


Fig.  276. — Tobacco  flea  beetle. 
Adult,  about  twenty  times  nat- 
ural size.  (From  U.  S.  D.  A. 
Farmers    Bull.  1425.) 
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harvested,  much  can  be  done  bo  check  lira  hectics  by  destroying  the 
"suckers"  that  grow  up  in  the  fields. 

References.     X.C.Ayr.  Exp.  Sta.  Bull  239,  1910;  U.  8.  Dept  Ayr.  Farmers*  Bulls, 

1352,  1923;  and  1425,  1921. 

Tobacco  Splitworm1 

This  insect  is  discussed  as  the  potato  tuber  moth  on  page  481.     When  attacking 

the  tobacco,  the  pinkish-white  caterpillars,  about  ]  :i  [uv\i  long,  mine  between  the 
upper  and  lower  surfaces,  especially  of  older  leaves,  causing  unsightly  gray  to  brown 
blotches  that  render  the  product  unfit  for  cigar  wrapper-. 

Control  Measures, — It  is  advisable  to  transplant  as  early  as  possible  and  make  every 
effort  to  mature  an  early  crop.  Early  leaves  that  are  badly  infested  should  be  pruned 
off  and  the  stubble  and  sucker  growth  destroyed,  ('leaning  up  trash  about  the  field 
and  barns  will  help  to  prevent  injury.  Potatoes  should  not  be  followed  with  tobacco 
or  grown  near  tobacco  fields. 

Reference. — U.  S.  Dept.  Agr.  Dept.  Bull.  59,  1914. 

Tobacco    Bud   Worm2 

Importance  and  Type  of  Injury. — Tiny,  pale-green,  striped  caterpillars 
eat  into  the  buds  or  unfolded  leaves  of  tobacco  as  the  plants  begin  to  top. 
If  the  holes  are  made  in  the  tips  of  the  buds,  the  leaves  that  expand  from 
the  buds  are  often  ragged  and  distorted  (Fig.  277).  If  the  tiny  holes 
penetrate  the  unfolded  leaves,  these  leaves  will  have  large  unsightly  holes 
when  they  are  fully  expanded.  The  attack  on  the  buds  renders  the  leaves 
unfit  for  cigar  wrappers  and  greatly  cuts  the  price.  Late  in  the  season 
the  worms  also  eat  into  the  seed  pods  of  tobacco,  destroying  the  seed. 

Plants  Attacked. — Tobacco,  ground  cherry,  and  other  solanaceous 
plants  and  also  geranium  and  ageratum. 

Distribution. — From  Missouri,  Ohio,  and  Connecticut,  southward. 
Most  injurious  in  the  Gulf  States;  rarely  in  Kentucky  and  Tennessee. 

Life  History,  Appearance,  and  Habits. — The  bud  worm  winters  in  the 
soil  as  a  mahogany-colored,  spindle-shaped  pupa,  about  %  incn  long. 
The  moths  emerge  in  the  spring  and  deposit  their  eggs  singly  on  the 
underside  of  leaves.  They  are  about  1}^  inches  across  the  spread  wings. 
The  front  wings  are  light  green  and  crossed  by  four  oblique  light  bands, 
the  inner  three  of  which  are  edged  with  black.  The  tiny  larvae  that  hatch 
from  the  eggs  make  their  way  to  the  buds  and  crawl  down  among  the 
unfolded  leaves,  where  they  may  cause  great  damage  before  they  are 
detected.  The  full-grown  larva  is  l1^  inches  long,  of  a  pale-green  color 
and  marked  with  several  longitudinal  pale  stripes.  Pupation  occurs  in 
the  soil,  and  there  are  two  generations  of  the  insect  each  season. 

Control  Measures. — A  dose  of  poison  should  be  placed  in  each  bud 
before  the  young  larva  gets  into  it.     For  this  purpose  a  mixture  of  1 

1  Pkthorimaea  operculella  Zeller,  Order  Lepidoptera,  Family  Gelechiidse. 

-  Chloridea  virescens  Fabricius,  Order  Lepidoptera,  Family  Noctuidse. 
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pound  arsenate  <>f  lead  in  75  pounds  of  corn  meal  is  recommended,  apply- 
ing a  small  quantity  directly  upon  the  bud  of  each  plant  by  hand  or  by 

means  of  a  sifter  can.      As  I  he  buds  expand,  I  wo  applical  ions  a  week  from 

the  time  the  plants  arc  set  out  until  topping  of  the  plants  is  completed 
will  bo  needed  to  give  (ait  ire  protection.  If  workmen  will  kill  all  worms 
seen  while  working  among  the  tobacco,  much  of  the  damage  may  be 

prevented.  As  soon  as  the  plants  are  harvested,  the  remnants  should  be 
cut  and  burned  and  1  lie  soil  plowed.  Infestation  the  following  year  may 
be  reduced  if  the  leftover  plants  in  seed  beds  are  destroyed  as  soon  as 


Fig.  277. — Injury  to  the  tobacco  plant  by  the  tobacco  bud  worm.      (From  U.  S.  D.  A. 

Farmers'  Bull.  819.) 


planting  is  finished  and  the  suckers  removed  from  plants  and  destroyed. 
The  ^v^d  beds  should  be  carefully  covered  as  recommended  for  the  tobacco 
flea  beetle. 

Reference. — U.  S.  Dept  Agr.  Farmers'  Bull.  819,  1917. 

(John   Karwokm  oh   False   Bud    Worm1 


This  very  destructive  pest  of  corn  and  cotton  (see  pages  350  and  416)  attacks 
tobacco  in  a  manner  very  similar  to  the  tobacco  hud  worm.  It  is  usually  not  bo 
destructive  to  tobacco  as  the  true  tobacco  bud  worm.  Very  early  in  the  season  in  the 
extreme  south,  and  after  corn  lias  become  mature  in  most  sect  ions,  the  mot  lis.  of  which 
there  are  several  generations,  may  lay  their  eggs  on  tobacco.  The  caterpillars 
may  be  destroyed  by  the  same  measures  recommended  for  the  tobacco  bud  worm. 

1  Heliothus  ab.soleta  Fabricius.  Order  Lepidoptera,  Family  Nbctuidae. 
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Importance  and  Type  <>/  Injur;/.  This  sniall  caterpillar,  also  known  ai  tin-  corn 
webworm,  causes  much  damage  to  tobacco  in  Virginia  and  adjoining  states  by  cutting 

into  the  young  plants  at  the  surface  of  the  ground  and  then  boring  up  or  down  m  the 
stem.  Usually  the  attack  comes  after  the  plants  have  become  established,  and  it  may 
necessitate  one  or  more  replant  ings. 

Plants  Attacked. — Tobacco,  corn,  and  certain  weeds  such  as  buckhorn,  wild 
carrot,   plaintain,  asters,  ami  daisies. 

Distribution. — Throughout  the  eastern  states,  especially  destructive  in   Virginia. 

Life  History,  Appearance,  and  Habits. — Similar  to  that  given  for  sod  webworms 
(p.  324). 

Control. — No  practical  control  measures  are  known  except  the  indirect  ones 
described  on  page  324. 

Reference.— U.  S.  Dept.  Agr.  Dept.  Bull.  78,  1914. 

Cutworms 

Importance  and  Type  of  Injury. — Cutworms  of  several  species  often 
cut  off  newly  transplanted  tobacco  at  the  surface  of  the  ground  in  the 


Fiq.  27s. — Tobacco  plant  ruined  by  a  cutworm  with  the  larva  in  feeding  position. 

U.  S.  D.  A.  Farmers'  Bull.  1494.) 


(From 


manner  discussed  under  Corn  (page  321)  and  garden  crops  (page  434) 
(Fig.  278).  Some  climbing  cutworms  attack  the  leaves  of  older  plants. 
Life  History,  Appearance,  and  Habits. — The  cutworms  injurious  to 
tobacco  are  divided  by  Crumb  (I.e.)  into  two  groups.  One  group,  includ- 
ing the  variegated  cutworm2  and  the  black  cutworm3  pass  the  winter  as 
naked  brown  pupa?  in  the  soil,  transform  to  moths  very  early  in  spring, 
and  produce  during  the  season  three  or  four  generations.     The  species 

1  Crambus  caliginosellus  Clemens,  Order  Lepidoptera,  Family  Pyralididae. 

2  Lycophotia  margaritosa  saucia  Hiibner,  Order  Lepidoptera,  Family  Noctuidse. 

3  Agrotis  ypsilon  llottemburg,  Order  Lepidoptera,  Family  Noctuidae. 
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of  this  group  are  destructive  throughoul  the  tobacco-growing  regions  of 

(ho  United  States  and  (  'ana  da.      The  Other  group  consists  of  species  that 

lay  their  eggs  chiefly  in  weedy  or  grassy  fields  in  late  summer  <>r  fall. 
The  eggs  hatch  and  the  larvae  spend  the  winter  partly  grown  and  Wn-d 

destructively   upon   the   newly   set    plants   in   the  spring.      These  spec 
include  the  dingy  cutworm,1  the  clay-backed  cutworm,2  the  dark-sided 
cutworm"  and  the  spotted  cutworm.'1     Species  of  this  group  are  rarely 
destructive  south  of  Virginia  and  Tennessee  and  all  but  the  last  named 
have  a  single  generation  a  year. 

Control  Measures. — If  cutworms  are  present,  poisoned-bran  bait  as 
recommended  on  page  323  should  be  applied  several  days  before  the 
tobacco  plants  are  set.  To  determine  whether  the  bait  should  be  applied, 
( Jrumb  suggests  placing  rather  large  compact  bunches  of  freshly  cut  clover, 
dock,  or  chickweed  on  well-plowed  soil.  If  cutworms  are  present  in  the 
soil  they  will  collect  under  such  vegetation,  and  an  examination  in  2  or 
3  days  will  indicate  whether  the  bait  should  be  applied.  Poison-bran 
bait  may  be  broadcast  late  in  the  evening  at  the  rate  of  10  to  20  pounds 
dry  weight  per  acre,  or  4  pounds  to  100  square  yard  of  seed  bed.  Or  a 
small  handful  may  be  placed  about  each  hill  as  the  plants  are  set. 

References— U.  S.  Dept.  Agr.  Farmers'  Bull.  1494,  1926;  Fla.  Agr.  Exp.  Sta.  Bull. 
-K  1898. 

Tobacco  Hornworms5 

The  best  known  of  tobacco  insects,  and  among  the  most  injurious,  arc 
the  large  green  tobacco  worms  with  white  bars  on  the  sides  and  a  slender 
horn  at  the  end  of  the  body  and  the  parent  "  tobacco  flies,"  or  hawk  moths, 
that  lay  the  eggs  of  the  hornworm.  These  worms  infest  the  plants  all 
summer  long  and  are  such  ravenous  feeders  as  to  ruin  many  leaves  and, 
where  abundant,  defoliate  the  plants.  The  life  history  and  descriptions 
of  these  pests  are  given  on  page  488. 

Control. — Where  labor  is  cheap  and  plentiful,  hand  picking  of  these 
worms  is  fairly  effective  and  laborers  should  always  be  instructed  to  de- 
stroy the  worms  wherever  they  are  encountered  while  working  among  the 
plants  (Fig.  279).  Dusting  the  plants  with  arsenate  of  lead  3J^  to  ~> 
pounds  per  acre,  applied  with  a  good  dust  gun  when  there  is  no  breeze, 
has  been  found  a  very  satisfactory  control.  The  first  application  should 
be  given  as  soon  as  the  young  worms  become  numerous  on  the  plants  and 
later  applications  should  be  given  as  needed. 

Reference. — U.  S.  Dept.  Agr.  Farmers'  Bull.  1356,  1923. 
1  Feltia  subgothica  Baworth  [duceru  Walker.) 

I'Jim  gladiaria  Morrison. 
1  Euxoa  messoria  Harris. 

4  Agroiis  o-nigrum  (Linnd  , 

5  Protoparce  scxtn  (Johansson)  and  I'r>iioj>'irc(  quinauemaculata  Baworth,  Order 
Lepidoptera,  Family  Sphingida\ 
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Fig.  279. — Hornworms  on  tobacco  plants,  killed  by  the  application  of  arsenate  of  lead, 
Clarksville,  Tennessee.      (From  U.  S.  D.  A.) 


CHAPTER   XVI 

INSECTS   INJURIOUS   TO   VEGETABLE   GARDENS   AND    TRUCK 

CROPS 

An  abundance  of  fresh  vegetables  in  the  diet  is  known  to  be  very 
important  to  human  health.  The  use  of  vegetables,  now  negligible  in 
many  families,  would  be  much  more  extensive  if  the  control  of  the  many 
insects  that  discourage  the  home  gardener  were  better  understood.  The 
quality  of  commercially  grown  vegetables  would  be  better  and  the  price 
could  be  lowered,  also,  if  insects  were  not  permitted  to  add  so  much  to  the 
expense  of  production.  A  very  slight  amount  of  feeding  upon  vegetables 
such  as  cucumbers,  melons,  tomatoes,  and  lettuce  render  them  unsalable. 
This  makes  the  insect  losses  to  truck  crops  high  in  proportion  to  the 
amount  of  the  plant  consumed. 

A  knowledge  of  the  habits,  life  cycles,  and  control  measures  effective 
against  these  pests,  will  enable  any  grower  to  reduce  very  much  the  exten- 
sive damage  he  suffers  from  garden  insects. 

The  more  important  garden  insects  are  discussed  under  the  following 
groups : 

A.  General  Garden  Pests,  page  431. 

B.  Insects  Injurious  to  Peas  and  Beans,  page  449. 

C.  Insects  Injurious  to  Cucurbits,  page  458. 

D.  Insects  Injurious  to  Potatoes,  page  471. 

E.  Insects  Injurious  to  Sweet  Potatoes,  page  482. 

F.  Insects  Injurious  to  Tomatoes,  page  487. 

G.  Insects  Injurious  to  Onions,  page  491. 

//.   Insects  Injurious  to  Cabbage  and  Related  Vegetables,  page  494. 

/.   Insects  Injurious  to  Beets,  Spinach,  Lettuce,  Carrots,  Parsnips, 
Celery  and  Related  Vegetables,  page  508. 

J.  Insects  Injurious  to  Asparagus,  page  515. 
K .   Insects  Injurious  to  Sweet  Corn,  page  518. 

Gi  neral  Reference. — Crosby  and  Leonard,  "Manual  of  Vegetable-garden  Inserts, " 
The  Macmillan  Company,  1918. 

.1.   GENERAL  GARDEN   PESTS 

While  many  garden  insects  feed  on  only  one  kind  of  crop  or  a  few 
closely  related  ones,  there  are  a  number  of  others  thai  food  on  a  variety 
of  plants.  Some  of  these  are  discussed  in  this  section  before  the  pests  of 
special   crops   are   taken  up.     The  following  species  are  general  garden 
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pests.  They  are  also  included  in  the  field  keys  under  the  crops  to  which 
i  hey  arc  most  desl inci ive. 

Insects  thai  feed  on  vegetables  below  ground: 

WirewormSj  page  132;  white  grubs,  page  433; millipedes,  page  434;  and 
garden  centipede,  p.  699. 

Insects  that  cut  the  "plant  off  near  the  surface  of  the  ground: 

Cutworms,  page  434. 

Insects  that  chew  the  foliage: 

Fall  army  worm,  page  435;  flea  beetles,  page  437;  grasshoppers,  page 
441  and  woolly-bear  caterpillars,  page  441. 

Insects  that  suck  sap  from  the  stems  and  leaves: 

Garden  aphids,  page  442;  garden  fleahopper,  page  445;  tarnished 
plant  bug,  page  445  and  red  spider,  page  448. 

Wireworms1 

Importance  and  Type  of  Injury. — When  garden  or  truck  crops  are 
planted  on  land  that  has  been  in  sod  for  several  years,  the  wireworms 
that  were  attracted  to  the  grass  plants  remain  in  the  soil  until  their 
life  cycle  is  completed  and  may  damage  the  vegetables  on  such  plats  for 
from  1  to  5  years.  Other  species  breed  and  thrive  in  the  intensely 
cultivated  truck-crop  areas,  and  are  not  bound  up  with  sod  conditions 
in  any  way.  They  feed  below  ground,  chewing  off  small  roots  and 
scoring  the  surface  or  tunneling  through  larger  roots,  tubers,  and  under- 
ground parts  of  stems.  Another  serious  injury  is  their  habit  of  feeding 
on  newly  planted  seeds,  which  prevents  the  plants  from  coming  up. 

Plants  Attacked. — The  seeds  of  corn,  beans,  peas,  the  tubers  of 
potatoes,  and  the  roots  of  turnips,  sweet  potatoes,  carrots,  radish,  sweet 
corn,  cabbage,  cucumber,  tomato,  onion,  watermelon,  many  other 
vegetables,  and  nursery  stock  suffer  from  the  attacks  of  these  pests. 

Distribution. — See  Corn  Insects,  page  304. 

Life  History,  Appearance,  and  Habits. — These  points  are  discussed 
under  corn  insects  (p.  304).  Some  of  the  species  injurious  in  gardens 
have  a  two-year  life  cycle,  while  others  require  at  least  6  years.  Eggs 
are  not  generally  laid  in  gardens  or  truck  patches. 

Control  Measures. — If  a  long-standing  sod  or  other  field  known  to  be 
infested  is  to  be  planted  to  vegetables,  it  should  be  plowed  in  midsummer 
and  thoroughly  cultivated  until  cold  weather  to  destroy  the  pupae  and 
adults.  Some  crop  not  seriously  injured  by  wireworms,  such  as  rape, 
buckwheat,  or  clover  should  be  planted  in  the  soil  for  2  years  following 
the  sod.  In  the  West,  certain  species  of  wireworms  deposit  their  eggs 
by  preference  in  cultivated  land.  Rotations  are  not  effective  for  such 
species. 

1  Several  species  of  the  Order  Coleoptera,  Family  Elateridae. 
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In  small  gardens,  and  in  other  cases  where  the  value  of  the  crop  and 
the  labor  costs  do  no1  make  ii  prohibitive,  wireworms  may  !»<■  trapped 

by  Imiis  made  of  germinating  seeds,  such  as  peas,  beans  or  coin;  or  of 
graham  or  rice  flour  made  into  a  st  iff  dough;  or  of  slices  of  fresh  vegetables 
or  hunches  of  fresh  clover  or  cabbage  Leaves.     These  are  placed  under 

hoards  or  tiles  or  huried  in  the  soil  3  or  1  inches  deep,  at  Intervals  of 
1  to  10  feel  over  the  field,  the  spots  being  marked  with  wires  or  stakes. 
Wireworms  collect  about  these  baits  and  should  be  dug  out  and  dest  royed 
once  a  week  after  planting  the  baits.  Baits  may  be  drilled  into  the 
soil  to  a  depth  of  3  inches  and  the  wireworms  that  collect  about  them 
killed  by  drilling  calcium  cyanide  into  the  same  rows,  10  days  to  2  weeks 
later,  to  a  depth  of  5  inches.  These  treatments  should  be  made  about 
the  time  early  garden  vegetables  are  germinating,  on  soil  plowed  the  pre- 
ceding summer  or  fall  and  kept  free  of  vegetation.  Such  fields  should 
not  be  planted  to  any  crop  until  the  wireworms  have  been  destroyed. 
Wireworms  have  been  trapped  by  these  means  at  the  rate  of  from  6,000 
to  80,000  per  acre.  Carbon  bisulfide,  as  a  soil  fumigant,  has  been  found 
to  be  very  effective  in  destroying  wireworms,  but  is  too  expensive  for 
general  use. 

References. — U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  123,  1914;  U.  S.  Dept.  Agr.  Farmers1 
Bulls.  725  and  733,  1916;  U.  S.  Dept.  Agr.  Dept.  Bull.  156,  1915.  Dom.  Canada  Dept. 
Agr.  Pamphlet  33,  n.  s.,  1923;  N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bulls.  33,  1891  and 
107,  1896;  Jour.  Econ.  Entomol,  Vol.  17,  p.  562,  1924,  and  Vol.  19,  p.  636,  1926. 

White  Grubs1 

Like  wireworms,  white  grubs  develop  from  eggs  laid  chiefly  in  sod 
land.  When  such  soil  is  broken  and  planted  to  vegetables,  the  grubs 
seriously  injure  the  latter  and  remain  in  the  same  fields  2  to  3  years 
before  they  are  full-grown.  If  gardens  are  allowed  to  grow  up  to  grass 
and  weeds,  the  parent  May  beetles  may  lay  their  eggs  directly  in  the 
garden.  All  kinds  of  roots  may  be  eaten,  and  tubers  and  fleshy  roots 
like  potatoes  and  beets  have  the  surface  scarred  and  gouged  with  broad 
shallow  cavities  3^  to  }/%  inch  deep. 

Control  Measures. — Vegetables  should  not  be  planted  in  soil  that  has 
been  covered  with  a  grass  sod  for  years,  nor  in  fields  where  white  grubs 
are  abundant.  Legumes  may  be  grown  in  such  soil  for  a  year  or  two 
until  the  grubs  have  disappeared.  In  general,  garden  crops  should  not 
be  planted  in  soil  which  was  covered  with  grasses  or  small  grains  during 
8  spring  in  which  a  heavy  flight  of  May  beetles  occurred,  since  such  soil 
is  nearly  certain  to  be  infested  with  eggs  and  grubs  for  the  next  3  years. 
Clover  sod,  or  fields  bearing  clean-cultivated  row  crops  during  beetle 
flights,  should  be  given  preference  for  trucking  during  the  years  that 
immediately  follow.     Gardens   thai    are   surrounded   by  such  trees  as 

lPhyUophaga  Bpp.,  Order  Coleoptera,  Family  Scarabeide. 
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poplars,  oaks,  lindens,  willows,  ash,  maple,  and  walnut,  are  usually 
infested  with  white  grubs  every  year,  because  the  May  beetles  are 
attracted  to  such  trees  to  feed,  and  lay  their  eggfl  in  the  soil  near-by. 

The  distribution,  life  cycle,  additional  control  measures  and  referei 
for  white  grubs  are  given  under  Corn  Insects,  page  306. 

Millipedes  or  Thoi  band-legged  Worms3 

Importance  and  Type  of  Injury. — Although  not  insects,  these  pests,  which  are 
often  wrongly  culled  wireworms,  injure  plants  in  much  the  same  way  afl  wnvworms 
and  white  grubs.  They  eat  the  roots  of  various  plants,  tunnel  into  the  root  vegetables 
and  tubers,  eat  planted  seeds,  and  also  devour  leaves  and  bore  into  fruits  that  lie  in 
contact  with  the  soil. 

Plants  Attacked. — Corn,  potatoes,  parsnips,  carrots,  beets,  turnips,  radishes,  let- 
tuce, cabbage,  cauliflower,  beans,  peas,  tomatoes,  musk  melons,  cucumbers,  squash, 
and  others. 

Distribution. — Although    these    pests    are    widely    distributed,    chief    complaints 

of  injury  in  the  field  have  been  from  New  York,  Ohio, 
and  neighboring  states  and  the  Pacific  Coast  States. 

Life  History,  Appearance,  and  Habits. — The  life 
cycles  of  millipedes  are  not  well  known.  They  have  a 
simple  development.  The  eggs  are  laid  in  the  soil, 
sometimes  in  masses,  and  hatch  into  small  worms  differ- 
ing from  the  full-grown  ones  in  having  fewer  segments 

FlG>  ^o*^A  typical  n.illi-  and  loSs'  Thc  adults  (Fi£-  280)  are  !  or  2  inches  lonS 
pede,  Julux  impressua,  enlarg-  and  are  at  once  distinguished  from  insect  larvae  by  the 
ed.  {From  III.  State  Nat.  large  number  of  legs  that  they  possess,  two  pairs  to  each 
Hist.  Sur.)  apparent  body  ring,  the  total  number  often  being  more 

than  100. 
Control  Measures. — The  only  control  measure  known  to  be  effective  is  to  poison 
or  trap  the  worms  with  baits  similar  to  those  recommended  for  wireworms.     The  bait. 
however,  should  be  placed  on  the  surface  of  the  soil  in  balls  or  small  piles.     Care 
must  be  taken  to  keep  poultry  away  from  the  piles  of  poisoned  bait. 

Cutworms2 

Importance  and  Type  of  Injury. — Recently  set  or  young  seedling  plants 
are  often  cut  off  during  the  night  at  the  surface  of  the  soil  (Fig.  278)  and 
left  lying  to  wilt  on  the  ground  near-by.  Plump,  soft-skinned,  greasy- 
looking  caterpillars,  varying  in  length  up  to  l}-4  inches  or  more,  which 
generally  roll  the  body  tightly  when  disturbed,  and  "play  'possum,"  are 
found  in  shallow  holes  in  the  soil  about  the  base  of  the  plants.  Some 
species  climb  up  the  plants  and  eat  at  the  leaves  or  chew  their  way  into 
fruits,  such  as  tomatoes,  while  still  others  feed  entirely  below  ground. 
Several  species,  when  they  become  abundant,  crawl  from  the  fields 
where  they  developed,  in  great  numbers  like  marching  armies,  and  may 
invade  gardens  and  rapidly  devour  all  kinds  of  garden  crops. 

1  Julus  impressus,  Julus  hortensis  Wood,  Julus  hesperus  Cham.,  Class  Diplopoda. 

2  Various  species  of  Order  Lepidoptera,  Family  Noctuidae. 
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Plants  Attacked.     Nearly  all  garden  vegetables,  as  well  as  flowers, 

field   crops,   and   fruit    trees  are  attacked   by   cu!  worms  of  one   kind   or 
anot  her. 

The  distribution  and  life  history  of  cut  worms  are  discussed  under 

Corn  Insects,  page  321,  and  Tobacco  Insects  page  428. 

Control.  Sod  or  weedy  land  intended  for  vegetables  should  be 
plowed  in  late  summer  and  kept  fallow  until  late  in  the  fall,  since  it  is 
during  this  period  that  the  cutworm  moths  lay  their  eggs,  chiefly  on 
rough,  .massy,  or  weedy  land.  Some  species  of  cutworms,  however, 
deposit  their  eggs  on  fence  posts  and  the  stems  of  large  weeds  along 
fences  and  ditches.  In  small  gardens  certain  measures  are  practicable 
that  cannot  be  used  on  field  crops.  The  worms  may  be  concentrated 
by  laying  small  boards  about  the  garden  or  they  may  be  dug  out  and 
destroyed  by  hand.  Some  gardeners  place  cylinders  of  tin  (such  as  tin 
cans  with  bottoms  cut  out)  partly  sunk  in  the  soil  about  choice  plants 
when  they  are  transplanted,  to  keep  the  cutworms  away.  The  poison 
baits  recommended  under  corn  insects  are  effective  for  many  species. 

Fall  Army  Worm1 

Importance  and  Type  of  Injury. — Besides  the  army  cutworms  and 
the  true  army  worm  (see  p.  318),  this  insect,  which  is  a  member  of  the 
same  family,  often  develops  the  marching  habit,  the  caterpillars  crawling 
in  great  droves,  which  may  be  very  injurious  to  field  and  vegetable 
crops.  They  eat  the  foliage  and  tender  stems  of  many  plants,  often 
taking  everything  clean  as  they  go,  and  then  disappear  suddenly.  They 
are  especially  bad  in  seasons  following  a  cold  wet  spring,  in  the  South. 

Plants  Attacked. — Plants  of  the  grass  family  are  probably  the  preferred 
food,  and  the  insect  is  often  called  the  " grass  worm;"  but  it  attacks 
also  potato,  sweet  potato,  turnip,  spinach,  tomato,  cabbage,  and  cucum- 
ber among  the  garden  crops,  and  cotton,  tobacco,  all  grain  crops,  clover, 
alfalfa,  and  cowpeas. 

Distribution. — Over  the  United  States,  west  to  New  Mexico  and 
Colorado  and  north  to  Montana,  Minnesota,  Michigan,  and  New  Hamp- 
shire; more  destructive  over  the  Southern  States  and  southward  into 
Mexico,  Central  America,  and  the  West  Indies. 

Life  History,  Appearance,  and  Habits. — This  tropical  insect  is  appar- 
ently unable  to  live  through  the  winter  in  any  section  where  the  ground 
freezes  hard.  In  southern  Florida  and  Texas,  several  stages  may  be 
present  and  more  or  less  active  during  the  winter  months.  In  the 
spring,  as  they  increase  in  numbers,  swarms  of  moths  are  produced  that 
fly  northward,  sometimes  covering  hundreds  of  miles  before  they  alight 
to  lay  their  eggs,  usually  on  the  leaves  of  grass  plants.  The  small  larvae 
feed   down   near  the  ground,   chiefly   at    night,    and   are   not  generally 

lLaphygmafrugiper/i  Smith  and  Abbott,  Order  Lopidoptera,  Family  Nbctuide. 
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noticed  until   they   have  reached  a  length  of   1  or   1 '  2   inches,  by  which 

time,  if  abundant,  they  are  consuming  so  much  grass  or  grain  that  they 

create  alarm.  The  full-grown  larva'  (Fig.  281)  vary  in  color  from  light 
tan  or  green  to  nearly  black.  They  have  three  yellowish-white  hair 
lines  down  the  back  from  head  to  tail;  on  the  sides  next  to  the  yellow 


Fig.   2S1. — Larva  of  the  fall  army  worm,   side  view,   about  twice  natural  size. 

U.  S.  D.  A.  Tech.  Bull.  34.) 


{From 


lines  is  a  wider  dark  stripe  and  next  to  it  an  equally  wide,  somewhat 
wavy  yellow  stripe,  splotched  with  red.  These  worms  are  very  similar 
to  the  true  army  worm  in  appearance,  but  can  be  distinguished  by  the 
more  prominent  white  inverted  Y  on  the  front  of  the  head,  and  by  the 
more  prominent  black  tubercles  from  which  the  fine  scattered  hairs  on 


Fig.  2S2. — Adult  of  the  fall  army  worm;  a,  male;  b,  right  front  wing  of  female.  About 
twice  natural  size,  c,  moth  in  resting  position  about  natural  size.  (From  U.  S.  D.  A. 
Tech.  Bull.  34.) 


the  body  arise.  The  corresponding  hairs  on  the  true  army  worm  are 
much  shorter  and  the  tubercles  smaller.  The  fall  army  worm  can  be 
distinguished  from  the  army  worm,  also,  by  the  fact  that  it  feeds  on 
cotton,  tobacco,  legumes,  and  many  vegetables  as  well  as  grasses,  while 
the  army  worm  feeds  chiefly  on  grains  and  grasses  and  attacks  other 
plants  only  when  driven  by  hunger. 
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When  abundant,  the  caterpillars  ea1  .-ill  the  food  at  hand  and  then 
staii  to  crawl  in  great  armies  into  adjoining  fields.  Gardens  may  be 
invaded  and  consumed  in  a  few  nights.  Suddenly  when  full-grown  all 
the  caterpillars  disappear  almost   as  if  by  magic,  having  dug  into  the 

ground  I  i<>  2  inches  to  pupate.  Within  2  weeks  a  new  swarm  of  moths 
emerges  from  the  ground,  which  generally  flics  far  to  the  north  before 

laying  eggs,  and  so  t  he  entire  country  may  be  invaded  during  t  he  summer. 
The  adult  moth  (Fig.  282)  is  similar  to  many  cutworm  moths,  about  1  '  •_, 
inches  across  the  wings,  th(4  hind  wings  grayish  white  and  the  front 
pair  dark  gray,  mottled  with  lighter  and  darker  splotches  and  having  a 
noticeable  whitish  spot  near  the  extreme  tip.  They  are  active  mainly 
at  night  and  not  much  noticed.  Only  one  generation  of  larvae  is  usually 
abundant  in  any  one  community  in  the  North,  but  in  the  South  there 
may  be  five  or  six  generations  in  the  same  locality  in  one  year. 

Control  Measures. — In  favorable  seasons  a  number  of  parasitic 
enemies  keep  the  fall  army  worm  caterpillars  down  to  moderate  numbers. 
As  is  generally  the  case,  however,  cold,  wet  springs  check  the  parasites 
more  than  they  do  the  insects  that  they  feed  upon.  In  such  seasons, 
especially,  watch  should  be  kept  of  grassy  fields  for  the  appearance  of 
the  young  worms.  If  they  appear,  the  infested  spots  should  be  sprayed 
with  arsenate  of  lead,  1}^  pounds  to  50  gallons  of  water,  or  treated  with 
poisoned-bran  bait  as  described  on  page  319.  After  the  worms  have 
begun  to  march,  they  can  be  checked  by  plowing  a  deep  furrow  with 
dusty  sides  and  killing  the  worms  that  accumulate  in  the  furrow  by 
dragging  a  log  back  and  forth  through  it.  After  the  worms  have  dis- 
appeared, fields  in  which  they  have  been  feeding  should  be  disked  or 
otherwise  lightly  cultivated,  if  practicable,  to  break  up  the  pupa?  and 
throw  them  out  on  the  surface,  where  natural  enemies  and  weather 
conditions  will  destroy  many  of  them.  Keeping  fields  of  cotton  and 
corn  free  from  grass  will  do  much  to  prevent  injury  by  this  insect,  since 
the  infestations  almost  always  start  among  grasses. 

Reference* —l\  S.  Dept.  Agr.  Farmer*'  Bull.  752,  1916;  U.  S.  Dept.  Agr.  Tech. 
Hull.  34,  1028. 

Flea  Beetles1 

Importance  and  Type  of  Injury. — The  name  flea  beetle  is  applied  to 
a  variety  of  small  beetles  which  have  the  hind  legs  enlarged  and  jump 
vigorously  when  disturbed.  Since  they  are  small,  and  also  rather  act  ive, 
they  do  not  take  much  food  in  one  spot  and  their  injury  consists  of  very 
small,  rounded  or  irregular  holes  eaten  through  or  into  the  leaf,  so  that 
leaves  look  as  though  they  had  been  peppered  with  line  shot  (Fig.  61,  /). 
When  flea  beetles  are  abundant  the  foliage  of  garden  plants  may  be  so 
badly  eaten  that  it  can  no  longer  function  and  the  plant  dies.     These 

1  Order  Coleoptera,  Family  Chrysoinrlichi'. 


138 


DESTRl  <  I  l\  E  AND  USEFl  1    INSECTS 


small  holes  give  an  opportunity  for  the  entrance  of  destructive  plant 

diseases;  and  the  beetles  may  carry  the  disease  organisms  from  one  plant 
to  another  and  spread  them  as  they  feed.  The  potato  Ilea  hectic  j 
means  of  spreading  early  potato  blight  in  this  way.  Besides  the  injury 
by  the  adults,  the  larvae  of  some  flea  beetles  commonly  feed  on  the  roots 
of  the  same  plants,  riddling  them  with  tunnels  or  eat  Lng  off  small  rootlets. 
The  larvae  of  other  kinds  feed,  along  with  the  adults,  on  the  foliage,  or 
mine  in  the  leaves  or  tunnel  in  the  stems. 

Plants  Attacked. — Some  flea  beetles  are  rather  general  feeders,  but 
perhaps  the  majority  attack  only  one  plant  or  the  closely  related  crops 
of  a  single  plant  family.  Among  the  most  destructive  garden  species 
are  the  potato  flea  beetle,1  eggplant  flea  beetle,2  spinach  flea  beetle,3 
horse-radish  flea  beetle,4  sinuate-striped  flea  beetle,5  striped  cabbage 
flea  beetle,6  and  sweet-potato  flea  beetle.7 


V    J 


wmm. 


Fig.  283. — The  potato  flea  beetle,  Epitrix 
cucumcris  Harris,  adult;  line  shows  natural 
size.      (From  Chittenden,  U.  S.  D.  A.) 


Fig.  284. — The  striped  cabbage  flea  bee- 
tle, Phyllotrda  vittata  Fab.,  a,  adult,  b,  larva- 
Lines  show  natural  size.  (From  Riley,  V. 
S.  D.  A.) 


Life  History,  Appearance,  and  Habits. — The  life  history  varies  greatly 
with  the  different  species.  Usually  the  winter  is  passed  in  the  adult 
stage,  the  beetles  hibernating  under  leaves,  grass,  or  trash  about  the 
margins  of  fields,  along  ditch  banks,  fence  rows,  margins  of  woods,  and 
similar  protected  places.  The  potato  flea  beetle1  (Fig.  283)  and  eggplant 
flea  beetle2  are  about  }{q  inch  long  and  nearly  uniform  black  in  color. 
The  equally  small,  tobacco  flea  beetle8  is  yellowish  brown  with  a  dark 
cloud  across  the  wings,  and  the  sweet-potato  flea  beetle7  (Fig.  316)  is  of 
about  the  same  size  but  with  a  bronzy  reflection.  The  striped  cabbage 
flea  beetle6   (Fig.   284)   and  the  sinuate-striped  flea  beetle5  are  about 

1  Epitrix  cucumeris  Harris 

2  E  pitrix  fuscula  Crotch. 

3  Disonycha  xanthomelama  Dal  man. 

4  Phyllotreta  armor ad(v  (Koch). 

5  Phyllotreta  zimmermanni  (Crotch). 

6  Phyllotreta  vittata  Fabricius. 

7  Chcptocnema  con  finis  Crotch. 

8  Epitrix  parvula  Fabricius. 
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1  {o  inch  long,  with  a  curious,  crooked,  yellowish  stripe  on  each  wing 

cover.     The    pale-striped1    and  horse-radish   flea  beetles1  ar< 

Long,  with  a  broader,  nearly  straight,  yellowish 

stripe  on  each  wing  cover;  the  Bmartweed  flea 

beetle,1  of  the  same  size,  is  bluish  black,  without, 

snipes,   and   very   Btraight-sided.     Among  the 

largest   of  our  common  species  is  the  spinach 

flea  beetle4   (Fig.  287),  which  is  fully  \i  inch 

lotus,  with  greenish-black  wing;  covers,  a  yellow      F}°-  285.— Eggs  of  the 

i    j     i    i        i       ^r       ,        ,,     /.,  s|,ni;irh  flea  beetle,  l> 

prothorax   and  dark  head.     JNearly  all  of  these    onycha  xanthomrbena   Dal- 

Bpecies   are   elongate   oval   in  outline,  with  nar-    man,  about  ten  tuiiea  natu- 

1  B  '  nil     size.      (From    III.    Stati 

rowed     prothorax     and     narrower    head.     The    Nat.  Hid.  Sur.) 
antenna*  are  one-half  to  two-thirds  as  long  as  the 

body,  and  the  hind  femora  are  distinctly  thickened,  enabling  the  beetles 
to  jump  away  quickly  when  they  are  disturbed.     Many  of  the  species 


FlQ.  286. — Larva  of  spinach  flea 
beetle,  dorsal  view,  about  ten  times 
natural  size.  (Fro?n  III.  Stat<  Xat. 
II  st.  Sur.) 


Flo.    287. — Adult   of  spinach   flea   beetle,   about 

tell    times   natural   size.      (From    III.  StaU   Nat.  Hist. 

Sur.) 


emerge  from  hibernation  and  U'vd  on  weeds  and  the  foliage  of  tiers 

until    the   garden   plants  are  available,  when  they  migrate  to  them. 

1  Systena  t<i  niata  Say. 

1  Phyllotreta  armoraci&t  Koch.) 

SyHena  hudtonias  Forster. 
*  Diaonycha  xanthomelana  Dalman. 
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Thej  are  frequently  serious  pests  in  Beed  bedf  and  on  newly  trans- 
planted vegetables.  The  eggs,  which  arc  BO  small  as  never  to  be  Been 
by  the  grower,  are  scattered  in  the  soil  about  the  plants,  by  the  potato 
flea  beetle  and  the  tobacco  ilea  beetle,  and  laid  in  clusters  of  a  dozen 
or  two  by  the  spinach  flea  beetle  (Fig.  285).  The  striped  cabbage  flea 
beetle  deposits  her  eggs  in  tiny  cavities  gnawed  in  the  stem  of  the  plant, 
the  horse-radish  flea  beetle  deposits  them  in  clusters  on  the  leaf  petioles 
and  the  sinuate-striped  flea  beetle  lays  her  eggs  singly  on  the  leaves  of 
cabbage,  turnip  and  radish.  The  larva)  of  flea  beetles  are  mostly  whitish, 
slender,  delicate,  cylindrical  worms  from  J£  to  }^  inch  long  when  full- 
grown,  with  tiny  legs  and  brownish  heads.  They  feed  on  the  roots, 
underground  stems,  or  tubers  of  vegetables  or  of  weeds.  The  larva?  of 
t  he  sinuate-striped  species,  however,  mines  in  the  leaves,  the  horse-radish 
flea  beetle  burrows  in  the  leaf  petiole  and  the  spinach  flea  beetle  feeds 
exposed  on  the  underside  of  the  leaves.  The  last-named  species  (Fig. 
286)  is  a  short,  leaden  gray,  wrinkled  grub  about  }/i  inch  long  in  the  full- 
grown  larval  stage.  Pupation  usually  occurs  in  the  soil.  There  are 
generally  one  or  two  generations  a  year. 

Control  Measures — Flea  beetles  are  hard  to  control,  since  arsenicals 
are  apparently  distasteful  to  them  and  they  do  not  readily  eat 
enough  sprayed  foliage  to  be  killed  by  the  poison.  Best  results  have 
generally  been  secured  by  applying  Bordeaux  mixture  as  a  repellent. 
(Seep.  260.) 

To  control  flea  beetles,  it  is  necessary  to  apply  poisoned  Bordeaux  very 
thoroughly  to  the  plants  at  10-day  intervals,  since  these  insects  detect 
any  unsprayed  portions  of  the  foliage  and  feed  upon  them.  Plants  such 
as  tomatoes  and  eggplant  may  be  dipped  in  poisoned  Bordeaux  when  they 
are  transplanted.  Recently  arsenate  of  lead,  alone,  has  been  recom- 
mended for  the  eggplant  flea  beetle  and  a  nicotine  dust  3  per  cent  in 
hydrated  lime  for  the  cabbage  flea  beetle. 

Seed  beds  may  be  covered  with  strips  of  gauze  or  tobacco  cloth,  25 
strands  to  the  inch,  to  exclude  these  pests  from  delicate  young  plants. 
Sticky  shields  or  specially  made  boxes  having  the  inner  walls  covered  with 
tree  tanglefoot  may  be  passed  over  infested  plants  and  catch  thousands  of 
the  beetles  as  they  jump  off  the  disturbed  plants. 

Keeping  down  weeds  in  and  around  the  garden  is  often  the  most 
important  method  of  holding  these  pests  in  check,  since  the  adults  often 
feed  on  weeds  in  early  spring  and  late  in  fall,  and  the  larva?  may  develop 
in  great  numbers  on  the  roots  of  certain  weeds. 

References. — Crosby  and  Leonard,  "Manual  of  Vegetable-garden  Insects,"  1918; 
U.  S.  Dept  Agr.  Dept.  Bulls.  535,  1917  and  902,  1920;  N.  Y.  {Geneva)  Agr.  Exp.  Sta. 
Hull.  442,  1917;  A'.  Y.  (Cornell)  Agr.  Exp.  Sta.  Man.  55,  1922;  Dom.  Canada,  Dept. 
Agr.  Entomol  Circ.  2.  L913  and  Pamphlet  80,  n.  s.,  1927. 
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(  Ibabshoppebs' 

Iii  yean  when  grasshoppers  ."ire  abundant,  they  may  become  serious  on  garden 

(Tops,   especially    where   the   gardens   are   surrounded    by    fields   of  clover  or  by  waste 

lands  in  which  they  have  not  been  controlled.     The  ravenous  hoppers  strip  the  leaves 

and    eat    the   tender  stems  from  almost    all   kinds  of  vegetable  crops.      These    insert- 

arc  more  fully  treated  under  Corn  Insects,  page  327. 

To  protect  gardens  from  the  attack  of  grasshoppers  it  will  be  necessary  to  treat 
the  garden  and  BUrrounding  fields  or  waste  lands  with  a  poisoned  bail  as  recommended 
on  page  331,  or  to  keep  the  plants  covered  with  poison  spray  or  dust. 

Woolly-bear,2  Yellow-beak,3  and  Salt-marsh  Caterpillars1 

Importance  and  Type  of  Injur]/. — Very  hairy  or  woolly,  yellowish  and  brown 
caterpillars  (Fig.  288),  ranging  up  to  2  inches  in  length,  riddle  the  foliage  of  many 


Fig.  28S. — The  salt-marsh  caterpillar,  Estinmene  acrcea  Drury,  larva,  natural  size.      {From 

III.  State  Nat.  Hist.  Sur.) 

garden  crops  in  summer  and  autumn.  The  smaller  worms  are  usually  found  feeding 
together  on  the  underside  of  leaves.  The  larger  ones  feed  exposed,  and  when  full- 
grown  are  often  seen  in  the  autumn  scurrying  over  the  surface  of  the  ground,  appar- 
ently in  great  haste  to  get  somewhere. 

Plants  Attacked. — One  or  more  of  these  species  attack  practically  all  of  the  garden 
crops. 

Distribution. — General  throughout  the  United  States. 


Fig.   2S0. — The  salt-marsh  caterpillar,   male  moth,   natural  size.      (From  III.   State  Nat' 

Hist.  Sur.) 

Lift  History,  Appearance,  and  Habits. — The  woolly-bear  winters  in  the  larval  stage 
in  some  protected  place  and  feeds  briefly  in  the  spring  before  changing  to  a  pupa. 
The  other  two  species  hibernate  in  the  pupal  stage  inside  thin  silken  cocoons  heavily 
covered  with  interwoven  hairs  from  the  body  of  the  caterpillar.  The  adults  are 
snow-white,  or  yellowish-winged  moths,  from  1  x  ■>  to  2  inches  across  the  wings,  with 
yellowish,    black-spotted    abdomens.      The   yellow    bear   adult    is    nearly    pure   white 

1  Many  -pen-  of  Order  Orthoptera,  Family  LocusticbB. 

-  Ism  ieabeUa  Smith  and  Abbott,  Order Lepidoptera,  Family  Arctiids. 

3  Diner i sin  rrrr/iuirn  Fabricius. 
*  Estigmem  acrcea  Drury. 
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except  for  tlio  abdomen,  each  wing  having  a  few  small  black  spots.     The  Balt-mareh 

caterpillar  adult  has  t lu>  wings  peppered  with  a  number  of  small  black  BDOtB,  white 

above  and  yellow  below,  in  the  female,  and  in  the  male  |  Fig.  280)  fche  hind  wings  yellow 

both  above  ami  below.  The  adult  of  the  woolly-bear  is  entirely  yellowish  and  with  a 
few  black  spots  on  the  wings.  The  adults  appear  in  spring  and  lay  their  spherical 
eggs  in  patches  on  the  leaves.  The  laTVSB  attain  full  size  in  a  month  or  two.  The 
woolly-bear  larva  is  black  at  each  end,  with  a  median  band  of  brown  of  variable 
extent,  and,  as  pointed  out  by  Comstock,  has  an  evenly  clipped  appearance.  The 
other  two  species  have  hairs  of  different  lengths,  yellowish,  tawny,  or  grayish  in  color, 
and  not  so  dense  as  completely  to  hide  the  skin.  There  are  generally  two  generations 
a  year  in  the  North. 

Control  Measures. — These  caterpillars  are  readily  killed  by  a  thorough  application 
of  arsenate  of  lead  (2  pounds  to  50  gallons)  or  other  stomach  poison.  The  larger  ones 
may  be  killed  by  hand. 

Plant  Lice  or  Aphids1 

Importance  and  Type  of  Injury. — Nearly  every  garden  crop  and  almost 
all  other  kinds  of  growing  plants  are  attacked  by  small,  soft-bodied 
insects,  known  as  aphids  or  plant  lice,  which  are  about  as  big  as  pinheads 
on  the  average,  and  most  often  green  in  color,  although  some  are  brown, 
yellowish,  pinkish,  or  black  (Fig.  290).  They  all  feed  by  thrusting  sharp 
hollow  stylets,  from  their  beaks,  in  among  the  cells  of  the  plant  and  suck- 
ing out  the  sap.  This  causes  the  blighting  of  buds,  dimpling  of  fruits, 
curling  of  leaves  or  appearance  of  discolored  spots  on  the  foliage.  As  the 
aphids  become  more  abundant,  the  plants  gradually  wilt  from  loss  of  sap 
and  possibly  by  being  poisoned  by  the  saliva  of  the  aphids;  the  leaves 
may  become  yellowish  or  brown,  and  the  plant  usually  dies. 

The  presence  of  aphids  makes  vegetables  unattractive  and  detracts 
from  their  flavor  and  market  value,  and  when  they  occur  in  small  numbers 
may  occasion  much  work  to  remove  them  in  preparing  the  vegetables  for 
use.  They  excrete  a  honeydew  from  their  intestines  that  gums  up  the 
plants  and  often  serves  as  a  medium  on  which  a  fungus  may  grow  that 
further  spoils  vegetables.  Recently  it  has  been  shown  that  aphids  are 
important  natural  agencies  in  spreading  certain  plant  diseases,  such  as 
mosaics  and  blights;  and  this  phase  of  damage  may  exceed  in  seriousness 
their  direct  injury  by  feeding. 

Plants  Attacked. — All  the  vegetables  of  the  cabbage  family,  cucumbers, 
melons,  beans,  peas,  potatoes,  tomatoes,  lettuce,  turnips,  spinach,  and 
other  garden  crops  have  serious  aphid  pests. 

Distribution. — As  a  group,  world-wide;  and  many  species  are  nearly 
cosmopolitan. 

Life  History,  Appearance,  and  Habits. — Aphids  (Fig.  290)  typically 
winter  as  fertilized  eggs  on  some  perennial  plant;  some  winter  on  the  dead 
remnants  of  annual  vegetables ;  while  the  overwintering  condition  of  some 
species  is  not  known.     The  eggs  are  small,  ovate,  blackish  objects,  glued 

1  Many  species  of  the  Order  Homoptera,  Family  Aphididse. 
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Aphids^ 
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Potato  epWifc 

•  dult»  a«J 


An  ephi,  feodm$.fr«.ttyenlar«ed; 
,how.ng  beak  through  which  sap  M  e* 
fracted  from  tissues  of  plant. 

Since  the  ptant  sap  can  not  be  pois- 
oned these  pests  must  be  destroyed 
by  a  spray  that  kills  by  contact  with 
their  bodiee 


Spinach  •pha^nlerf»<t 
t  common  garden 
■H  found  on 
«sojt  vagetablea 
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Melon  aphis. 

enlarged 


Cebbafe'liea'on 
ldwer«ldea 
of  cabbage 
leaves 
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Potato  aphis  on.  , 
potato  plant.caua- 
ing  leaves  to  curl  and 
die. eventually  killing 
entire  plant  unless 
checked  by  spraying. 

When  the  aphis 
is  found  do  riot 
wa  it  to  find  out 
whether  it  is  go- 
in^  to  increase. 

SPRAY 

at  once 

•with 
NICOTINE 
SULPHATE 

Use  6  ounces  (^pt)of  40%  nicotine 
sulphate  in50Sallons  of  watexto  which 
2  pounds  of  soap.dissolved  first  ma  & 
curl        bn^f  the  waterhave  been  added. 

To  make  one  gallon  of  spray  •"•"fj-jg? 


Cantaloupo 
leaves  show- 
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on  under  sides. 
^s.       Spray 
before 
leaves 


A.yrphv^fly 


A  Ud/b.'d 


£  p 


Use  an  angle  nozzle  for 
under-spraying" 


These  insects  arebeneficia) 
by  feeding  on  the  aphis 


t"""- mm^ m ^ ^^"^^T^'^^^^T/Vs/s  of  Farm,  Garden,  and  Orchard 
,„,  2oo._Gurdcn  aphid.,     CKejJ***  £"J'$J?sZ    /'»■..>  >  '     >    "■    ' 
/,,,  Sandenon  and  Pmirs.  published  by  John 
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on  their  sides  generally  to  the  stems  of  plants  or  In  crevices  about  the  buds, 
(Fig.  353).  When  the  weather  becomes  warm  enough,  small  nymphs 
hatch  from  the  eggs,  which  grow  quickly  to  full  size  hut  never  gel  wings. 
Since  each  of  these  is  the  start  for  a  great  colony  of  aphids  that  may  he 
produced  during  the  season,  they  are  called  stem-mothers.  They  are  all 
females  which  have  the  remarkable  ability  to  reproduce  young  like  them- 
selves, without  mating.  These  young  are  born  ovoviviparously,  that  is, 
already  hatched  from  the  egg;  and  differ  from  their  stem-mothers,  in 
having  only  one  parent  and  in  not  passing  through  an  exposed  egg  stage. 
They  are  like  the  stem-mothers  in  being  wingless  and  in  producing  young 
ovoviviparously,  beginning  when  they  themselves  are  only  a  week  or  so  old 
and  producing  from  a  dozen  to  50  or  100  active  nymphs  within  the  next 
week  or  two.  In  this  way  a  succession  of  generations  is  produced,  the 
young  clustering  about  their  mothers  until  patches  on  the  plant  may  be 
crowded  with  them.  At  some  time  during  this  period,  either  all  or  a  part 
of  certain  generations  of  these  females  may  develop  wings.  These  may 
fly  to  other  plants  of  the  same  kind,  or  in  some  species  they  habitually  fly 
to  a  different  kind  of  plant  (usually  an  annual),  known  as  the  summer  host. 
Such  winged  ones  are  called  spring  migrants.  They  settle  down  on  the 
new  host  plant  and  start  a  succession  of  generations  there;  all  produced,  as 
before,  from  unfertilized  eggs  that  hatch  in  the  body  of  the  mother. 

As  shortening  days  forecast  the  end  of  the  season,  and  before  the 
summer-host  plant  dies,  a  generation  is  usually  produced  that  is  all 
winged,  but  is  often  of  two  kinds.  Some  of  them  are  winged  males,  the 
first  appearance  of  males  in  the  aphid  colonies  being  at  the  approach  of 
cold  weather.  The  others  are  winged  females  which  are  called  fall 
migrants  and  which  may  serve  to  return  the  species  to  the  kind  of  peren- 
nial plant  from  which  their  distant  ancestors  flew  away  in  the  spring. 
These  fall  migrants  give  birth  to  nymphs  in  the  normal  manner,  but  the 
nymphs,  when  grown,  are  wingless  true  females  that  cannot  reproduce 
unless  they  mate  with  the  males  which  are  of  the  preceding  generation. 
After  mating,  the  true  female  lays  from  one  to  four  or  more  large  fertilized 
eggs  in  a  sheltered  place  about  the  plant,  and  dies;  or,  sometimes,  simply 
dries  up  about  the  single  egg  she  is  capable  of  maturing.  From  these 
eggs  arise  the  stem-mothers  of  the  next  spring,  which  differ  from  all  the 
hosts  of  other  aphids  produced  during  the  year  in  having  both  male  and 
female  parents.  In  some  species,  the  males  and  true  females  have  no 
mouth  parts. 

This  is  a  kind  of  standard  life  cycle.  Variations  from  it  will  be  noted 
in  the  discussion  of  particular  species,  but  the  essential  features  of  this 
life  cycle  should  be  fixed  in  mind  because  the  details  are  not  repeated  for 
the  aphids  discussed  under  particular  crops. 

Control  Measures. — Nicotine  is  the  standard  remedy  for  aphids.  It 
may  be  applied  as  a  spray  or  as  a  dust.     For  certain  low-growing,  dense 
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POpfl  such  as  melons,  turnips,  and  the  like,  (lusting  is  superior  because  the 

!ust  will  circulate  among  the  plants  and  even  penetrate  into  curled  leaves 
nd  reach  the  aphids  in  positions  where  a  spray  could  not  be  driven. 
Directions  for  making  nicotine  dusts  are  given  on  page  241.  Dusts  for 
[arden  aphids  should  contain  from  2  to  4  per  cent  nicotine;. 

A  spray  made  of  :Vj  pound  10  per  cent  nicotine  sulphate,  3  pounds 
aundry  or  potash  fish-oil  soap,  and  50  gallons  of  water,  is  effective  against 
ill   aphids  wel   by  the  spray.     For  small  quantities,  use  2  teaspoonfuls 


FlG.  "291. — The  garden  fleahopper,  Halticus  citri  Ashmead.  a,  short-winged  female, 
b,  long-winged  female;  c,  male;  d,  side  view  of  head  showing  piercing-sucking  mouthparts. 
Lines  indicate  natural  size.      (From  Chittenden,  U.  S.  D.  A.) 

of  nicotine  sulphate  to  each  gallon  of  water,  in  which  1  cubic  inch  of  soap 
has  been  dissolved  as  a  spreader.  Some  derris  preparations  are  as  good 
as  nicotine  sulphate.  Strong  soap  solutions  (1  pound  to  3  or  4  gallons  of 
water)  are  effective  against  certain  species  of  aphids.  Certain  types  of 
■  emulsions,  at  a  strength  of  2  to  5  per  cent  oil,  are  very  effective,  but 
Others  will  seriously  burn  garden  plants. 

Reference. — "The  Life-cycle  of  Aphids,"  In  Annals  Entomol.  Soc.  Am.,  Vol.  13, 
pp.  156-162,  1920. 

Garden  Fleahopper1 

Ttnportanct    and   Type  of  Injury. — These  small   hugs  look  somewhat   like  black 
aphids,  and  they  suck  the  sap  from  leaves  and  stems  in  a  manner  like  aphids.      Small 
1  Haltieus  citri  Ashmead,  Order  Ilemiptera.  Family  Mirida?. 
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pale  spots  often  appear  on  the  leavee  whrrc  the  Beahoppen  liave  sucked  oul  tin-  sap, 
and  badly  infested  Leaves  are  killed.     The  insect  occurs  sporadically. 

Plants  Attacked, — Bean,  beet,  cabbage,  celery,  coin,  cowpea,  cucumber,  eggplant, 

lettuce,  pea,  pepper,  potato,  pumpkin,  squash,  sweet  potato,  tomato,  various  legumes, 
ornamentals,  and  many  weeds. 

Distribution. — General  throughout  the  United  States,  except  in  the  western  part. 

Life  History,  Appearance,  and  Habits. — The  insect  winters  in  the  adult  stage! 
In  the  spring,  the  females  insert  their  eggs  in  the  leaves  or  stems  of  the  plants  on 
which  they  feed,  the  eggs  being  laid  in  punctures  made  by  the  mouth  parts.  The 
greenish  nymphs  of  various  sizes  appear  on  the  underside  of  the  leaves  in  early  spring 
and  grow  rapidly  to  blackish  adults.  The  females  (Fig.  291)  are  of  two  kinds:  a  long- 
winged  form  (6),  which  is  }{-2  inch  long  by  about  one-third  as  wide,  nearly  straight- 
sided,  and  with  the  overlapping  tips  of  the  wings  transparent;  and  a  short -winged 
form  («),  about  3-io  inch  long,  oval-bodied,  and  more  than  half  as  wide  as  long. 
The  latter  form  lacks  the  transparent  tips  of  the  wings,  and  this,  together  with  the 
jumping  habit  of  the  species,  gives  it  a  strong  resemblance  to  a  flea  beetle.  The  legs 
are  long  and  the  antennae  are  longer  than  the  body  and  very  slender.  Five  generations 
have  been  recorded  in  South  Carolina. 

Control  Measures. — A  spray  of  40  per  cent  nicotine  sulphate,  1  to  700,  with  soap, 
or  a  3  per  cent  nicotine  dust,  applied  so  as  to  hit  all  of  the  insects,  is  an  effective  control 
for  this  pest.  Destruction  of  the  weeds  on  which  the  insect  lives  will  do  much  to  keep 
it  from  reaching  serious  numbers. 

Reference.— U.  S.  Dept.  Agr.  Dept.  Bull.  964,  1921. 

Tarnished  Plant  Bug1 

Importance  and  Type  of  Injury. — This  small  brownish,  flattened  bug  is 
provided  with  piercing-sucking  mouth  parts  with  which  it  takes  the  sap 
of  a  great  variety  of  plants.  As  it  feeds  it  appears  to  introduce  some 
poisonous  substance  into  the  plant.  Its  feeding  causes  various  sorts  of 
injuries;  the  leaves  may  become  deformed,  as  in  beets  and  chard;  the 
stems  or  leaf  petioles  scarred  and  discolored,  as  in  the  " black  joint"  of 
celery;  or  the  buds  and  developing  fruit  dwarfed  and  pitted,  as  in  the  case 
of  beans,  strawberries,  and  peaches  (see  Fig.  410.) 

Plants  Attacked. — Beet,  chard,  celery,  bean,  potato,  cabbage,  cauli- 
flower, turnip,  salsify,  cucumber,  cotton,  many  flowering  plants,  and 
most  deciduous  and  small  fruits — more  than  50  economic  plants,  besides 
many  weeds  and  grasses. 

Distribution. — Throughout  the  United  States,  and  in  many  other  parts 
of  the  world. 

Life  History,  Appearance,  and  Habits. — The  adult  bugs,  and  probably 
also  the  nymphs,  hibernate  under  leaf  mold,  stones,  bark  of  trees,  among 
the  leaves  of  such  plants  as  clover,  alfalfa,  and  mullein,  and  in  many  other 
protected  places.  They  are  about  J^  inch  long  by  less  than  half  as  broad, 
flattened,  oval  in  outline,  with  the  small  head  projecting  in  front,  and  of  a 
general  brown  color  much  mottled  with  small,  irregular  splotches  of  white, 

1  Lygus  pratensis  Linne,  Order  Hemiptera,  Family  Miridae. 
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yellow,  reddish-brown,  and  black.  Along  the  side  of  the  body  at  the 
posterior  third  is  a  clear  yellow  triangle  (tin*  cuneus)  tipped  with  a  small, 
round,  intensely  black  dot  (Fig.  292).     They  become  active  very  early  in 

Spring,  when  they  attack  the  buds  of  fruit  trees,  causing  serious  injury  to 
the  terminal  shoots  and  fruits  (see  p.  (ill).  They  do  not  appear  to  lay 
their  eggs  on  these  plants  to  any  groat  extent,  but  migrate  to  various 
herbaceous  weeds,  vegetables,  and  flowers,  where  the  eggs  are  either 
Inserted  full  length  into  the  stems,  petioles,  or  midribs  of  leaves  or  into 
buds,  or  are  tucked  in  among  the  florets  of  the  flower  head.  The  egg  is 
elongate,  slightly  curved,  and  the  outer  end  is  cut  square  off,  the  lid 
which  covers  this  end  being  usually  flush  with  the  stem.  After  about  10 
days,  a  small  yellowish-green  nymph  ^5  inch  long,  oval  in  outline  and 
provided  with  long  legs,  antennae,   and  piercing-sucking  mouth   parts, 


Fig.  292. — Adult  of  the  tarnished  plant 
fag,  Li/fjus  pratensis  Linne,  about  three 
times  natural  size.  (From  III.  State  Nat. 
Hist.  Sur.) 


Fig.  293. — Tarnished  plant  bug,  nymph, 
last  instar,  about  three  times  natural  size. 
(From  III.  State  Nat.  Hist.  Sur.) 


emerges  from  the  egg  and  begins  feeding  on  the  sap.  It  grows  rapidly, 
molting  five  times,  the  larger  nymphs  gradually  taking  on  the  appearance 
of  the  adult  and  being  marked  with  four  rounded  black  dots  on  the 
thorax  and  one  on  the  base  of  the  abdomen  (Fig.  293).  The  life  cycle  is 
completed  in  3  or  4  weeks,  so  that  probably  three  to  five  generations  occur 
'each  season.  By  late  summer  they  occur  everywhere  in  profusion,  but 
because  of  their  obscure  and  protective  coloration  and  shy  and  hiding 
habits  are  not  much  noticed. 

Control  Measures. — No  effective  control  for  this  pest  is  known. 
( 'leaning  up  of  weeds  and  destruction  of  favorable  hibernating  places  may 
help  to  keep  their  numbers  down.  Haseman  recommends  the  use  of 
si  icky  shields.  On  a  few  valuable  plants  they  may  be  controlled  by  dust- 
ing with  a  5  per  cent  nicotine  dust,  applied  under  a  tight  canvas,  to 
confine  the  fumes.  On  potatoes,  Bordeaux  mixture  has  been  found  to  be 
somewhat   repellent. 


References-  Mo.t  Agr.  Exj).  Sta.  Research   Bull.   20,    1918;   X.  Y.   (C<,rn<lh  Apr. 
Exp.  Sta.  Hull.  346,  1914. 
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Red  Spider1 

Importance  and  Type  of  Injury.  In  periods  of  dry  hoi  weather,  the 
leaves  of  beans  and  other  plants  become  blotched  with  pale  yellow  and 
reddish-brown,  in  spots  ranging  from  small  specks  to  large  areas,  on  both 
upper  and  under  surfaces,  and  the  leaves  have  a  pale,  sickly  appearance 
and  gradually  die  and  drop.     The  under  surfaces  of  such  leaves  look  as 

though  they  had  been  very  lightly  dusted 
with  fine  white  powder.  When  examined 
under  a  lens,  the  fine  white  specks  arc 
seen  to  consist  of  empty  wrinkled  skins 
and  minute  spherical  eggs  and  to  be 
suspended  on  almost  invisible  strands  of 
silk.  Upon  this  silk,  and  beneath  it  on 
the  surface  of  the  leaf,  are  resting  or  run- 
ning about  numerous  minute,  whitish, 
greenish  or  reddish,  eight-legged  mites 
of  several  sizes  (Fig.  294).  These  mites 
live  upon  the  sap  of  the  plant,  which  is 
drawn  by  piercing  the  leaf  with  two  sharp 
slender  lances  attached  to  the  mouth. 
Besides  the  loss  of  sap  it  seems  possible 
that  the  leaves  are  poisoned  by  the  feed- 
ing of  the  mites. 

Plants  Attacked. — The  vegetable  crops 
most  seriously  injured  by  the  red  spider 
are  beans,  corn,  tomato,  eggplant  and 
onion.     Additional  food  plants  and  the 
life  history  are  given  in  the  discussion  of 
this  mite  as  a  greenhouse  pest,  page  712. 
Distribution. — World-wide. 
Control      Measures. — According      to 
m,  ,     . ,        MacGregor,   this  pest  may  be  kept  in 

Fig.  294.— The  common  red  spider,  .         \  ,  i 

Tetranychus    teiarius    Linne,  adult    subjection  by  the  winter  destruction  of 
female    highly  magnified     (From  u.    such  weeds  as  pokeweed,  Jerusalem  oak, 

S.  D.  A.  Farmer*'  Bull.  831.)  *\  '  ..  . 

Jimson  weed,  wild  blackberry,  and  wi 
geranium,  about  the  garden,  and  by  the  destruction  or  spraying  of  violets 
berry  bushes,  and  other  host  plants,  wherever  they  retain  green  foliage 
over  the  winter.  Once  a  garden  is  infested,  a  very  thorough  spraying,  sd 
as  to  cover  the  underside  of  all  infested  leaves  with  one  of  the  follow 
ing  sprays,  will  check  them.  The  application  should  be  repeated  a  weet 
later  to  destroy  such  mites  as  were  in  the  egg  stage  at  the  first  spraying 

1  Tetranychus  teiarius  Linn6,  Class  Arachnida,  Order  Acarina,  Family  Tetrany 
chidse. 
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All  miles  covered  will  be  killed  by  ;>  spray  of  potassium  sulphide  l  ounce 
in  2  gallons  <>f  water;  or  by  lime-sulphur  1  pari  commercial  33°  Rsuime 
Btrength,to  10  parts  of  water.  ( Sertain  types  of  oil  emulsions,  a1  a  strength 
of  2  per  cent  oil,  have  been  found  effective,  as  has,  also,  superfine  dusting 

sulfur. 

h'.f,  rmcrs.—U.  S.  Dcpt.  Agr.  Dept.  Bull.  410,  1917;  Ore.  A  gr.  Ex/ ,.  St  a.  Bull. 
121,  L91  l. 

B.  INSECTS  INJURIOUS  TO  PEAS  AND  BEANS 

FIELD  KEY  FOR  THE  DETERMINATION  OF  INSECTS  INJURING  PEAS  AND 

BEANS 

A.  Insects  attacking  the  seeds,  either  in  storage  or  within  the  pods  in  the  field: 

1.  Peas  within  the  pod  partly  eaten,  showing  irregular  superficial  cavities,  web- 
covered,  and  surrounded  by  granular  pellets  of  excrement,  among  which  is  a  white 
caterpillar,  up  to  Y2  inch  long.     Pea  moth,  page  450. 

2.  Seeds  of  peas,  beans,  vetch,  and  locust  trees  attacked  in  the  green  pods  by  a 
caterpillar  up  to  1  inch  in  length,  and  varying  from  white  or  greenish  to  reddish  in 
color.  Legume-pod  moth  (Etiella  zinckenella  Treit)  (see  U.  S.  Dept.  Agr.  Bur.  Entomol. 
Bull.  95,  Part  VI,  p.  82,  1912). 

3.  Interior  of  peas  and  beans  in  the  field  and  in  storage  devoured  by  short,  white, 
footless  grubs  and  chunky,  brownish  beetles,  from  }/%  to  }4>  inch  long.  Pea  weevil 
and  bean  weevils  (see  further  key  on  page.  734). 

B.  Insects  eating  holes  in  the  leaves: 

1.  A  coppery-brown,  oval  beetle,  }i  inch  long,  with  eight  small  black  spots  on 
each  wing  cover,  eats  irregular  holes  from  underside  of  leaves;  or  oval,  yellow,  very 
spiny  larvae  up  to  }>£  inch  long  eat  rectangular  holes  from  under  side  of  leaves,  the 
holes  separated  by  slender  parallel  strips  of  leaf  that  are  untouched.  Both  the  adult 
and  the  larva  leave  the  transparent  upper  epidermis  uneaten.  Mexican  bean  beetle, 
page  451. 

2.  Reddish  to  yellowish  beetles,  3^5  inch  long,  usually  with  three  black  spots 
in  a  row  along  inner  edge  of  each  wing  cover  and  costal  margin  also  edged  with  black, 
eat  round  holes  through  the  leaf.     Bean  leeif  beetle,  page  453. 

3.  A  greenish  or  yellowish  beetle  34  inch  long,  with  six  black  spots  on  each  wing 
cover,  eats  irregular  holes  in  the  leaves.     Spotted  cucumber  beetle,  page  454. 

4.  A  uniformly  tan-colored  beetle,  about  %  inch  long,  the  wing  covers  with  regular 
rows  of  small  punctures,  eats  irregular  holes  in  the  leaves.     Grape  colaspis,  page  313. 

5.  Irregular  holes,  usually  extending  from  the  margin  of  leaf  inward,  eaten  by 
robust,  brown  or  grayish,  elongate,  wedge-shaped  insects  up  to  l}^  inches  long,  with 
short  or  long  wings  and  the  third  pair  of  legs  very  long.  Jump  vigorously  when 
disturbed.     Grasshoppers,  page  327. 

6.  Very  hairy,  yellowish,  brown  or  reddish-brown  and  black-banded  caterpillars 
eat  the  foliage.     Woolly  bears,  page  441. 

7.  Very  large  holes  or  entire  leaves  eaten  at  night  by  fleshy,  grayish  or  brownish, 
slimy,  wormlike  creatures,  without  legs  or  segmentation,  up  to  3  indies  long.  Hide 
under  trash  about  base  of  plants  during  the  day.     Garden  slugs  (not  insects),  p.  72S. 

C.  Insects  sucking  sap  from  leaves  and  stems: 

1.  Small,  greenish,  long-legged,  winged  or  wingless  aphids  up  to  \ ,;  inch  long  with 
two  slender  tubes  projecting  from  body  near  tip  of  abdomen,  cluster  on  underside  of 
leave-  and  along  stems  of  peas  and  suck  sap,  causing  plants  to  wither.  Pea  aphid, 
page  455. 
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2.  Similar  to  the  above  on  terminaJ  growth  of  beams,  bul  not  over  half  as  larg<  . 
and  nearly  black  in  color.  Plants  often  become  covered  with  a  black  ".soot."  Bean 
aphid,  Aplns  rumicifl  Linn*-  (Sec  AnnaU  Applied  H<>>l  Vol.  8,  p.  51;  9,  p.  135;  10, 
p.  35). 

3.  Similar  to  C,  2,  hut  'i,,  inch  long  and  lacking  the  tubet  on  abdomen.  Jumps 
readily  when  disturbed.     Wings  thick,  al  leasl  at  base.    Garden  fleahopper,  page  445. 

4.  The  foliage  of  beans  is  dwarfed  and  rosettes  form,  or  small  triangular  brown 
areas  appear  at  tips  of  leaves,  gradually  spreading  around  entire  margin,  the  middle 
of  the  leaf  browning  last  of  all.  One  or  more  winged  or  wingless,  elongate,  wedge- 
shaped,  green  bugs  up  to  's  inch  long  by  one-fourth  as  broad,  found  on  lower  Bide 

of    leaves;     run    or    jump    quickly    when    disturbed.      Apple    Imfhopper,    page    475. 

5.  Leaves  become  blotched  with  red  and  yellow,  and  die.  Underside  of  leaf 
with  inconspicuous  white  webs  among  which  are  many  microscopic,  eight-legged, 
reddish  or  greenish  mites  and  their  round  pearly  eggs.      Red  spider,  page  448. 

J).    Insects  cut  off  plants  near  surface  of  ground  or  feed  on  underground  parts: 

1.  Plants  chewed  just  below  surface  of  soil  or  roots  eaten  off  by  a  slender  white 
worm  up  to  !  £  inch  long,  with  six  short  legs  and  dark  head  and  tip  of  body.  Plants 
wilt  and  die.     Larva1  of  bean  leaf  beetle,  page  453. 

2.  Plants  chewed  off  near  the  surface  of  the  ground  and  sometimes  dragged 
to  burrows  in  the  soil.  Dull  green,  brown,  gray,  or  black,  cylindrical,  greasy-looking 
worms,  variously  striped  or  spotted,  with  distinct  head,  six  short  slender  legs  on  the 
thorax,  and  five  pairs  of  prolegs,  up  to  1}>  or  2  inches  long,  are  found  in  the  soil  about 
plants  during  the  daytime.     Cutworms,  page  434. 

3.  Elongate,  brownish,  cylindrical  or  somewhat  flattened  worms,  with  many  legs, 
up  to  1  or  1!2  inches  long,  eat  the  roots  and  the  foliage  that  rests  on  the  soil.  Dis- 
tinguished from  wireworms  by  having  one  or  two  pairs  of  legs  on  each  body  segment. 
M  Mi  pedes  or  thousand-legged  worms  (not  insects),  page  434. 

E.  Plants  fail  to  come  up  from  seed: 

1.  The  germ  of  the  softened  kernel  has  been  eaten  out  by  one  or  more  yellow- 
ish-white, footless  maggots,  pointed  at  the  head  end;  }i  inch  long.  Seed-corn  maggot, 
page  300. 

2.  Seeds  have  been  eaten  into.  Slender,  tough-skinned,  brownish,  polished- 
looking  worms  about  1  inch  long,  with  chewing  mouth  parts  and  six  short  legs,  are 
found  in  seeds  or  in  soil  near-by.     Wireworms,  p.  432. 

Pea  Moth1 

Importance  and  Type  of  Injury. — In  eastern  Canada,  Michigan,  Wisconsin,  and 
possibly  other  states,  growing  peas  within  the  pod  have  irregular  cavities  eaten  out 
of  the  side,  seldom  exceeding  half  of  their  substance,  by  a  yellowish-white  caterpillar 
up  to  Yi  inch  long  with  both  extremities  of  the  body  darker,  and  small  dark  spots  and 
pale  short  hairs  scattered  over  the  body.  The  presence  of  the  worms  is  not  easily 
detected  except  by  opening  the  pods,  when  the  seeds  are  seen  to  be  spoiled  and  the 
pod  partially  filled  with  the  pellets  of  excrement  and  silk  of  the  caterpillars  (Fig.  295). 
Affected  pods  yellow,  or  ripen  prematurely. 

Plants  Attacked. — No  food  plants  are  known  except  varieties  of  field  and  garden 
peas. 

Distribution. — The  insect  has  been  present  in  America  only  since  about  1900,  and 
has  so  far  confined  its  damage  largely  to  eastern  Canada,  Michigan,  and  Wisconsin. 

Life  History,  Appearance,  and  Habits. — Winter  is  passed  as  inactive  larvae  enclosed 
by  strong  cocoons  of  fine  silk,  about  %  inch  long  and  covered  with  soil  particles. 
These  are  found  a  short  distance  below  the  surface  of  the  soil  in  the  fields.     Others 

1  Laspeyresia  nigricana  Stephens,  Order  Lepidoptera,  Family  Eucosmida?. 
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winter  in  similar  cocoons  in  cracks  and  crevices  &D0U1  the  barns  where  the  p':is  were 

stored  liefon*  threshing.     They  change  t<>  brownish  pupa-  in  late  spring. 

About  the  time  peas  come  into  blossom  (latter  half  of  July  in  northern  Wisconsin) 
the1  adults  appear  from  the  cocoons.  They  are  frail,  very  small  moths,  about  X'->  inch 
across  the  spread  wings,  of  a  general  brown  color  with  short  bl;ick-and-white  oblique 
lines  along  the  front  margin  <>f  the  forewingB.  They  may  be  found  zigzagging  about 
the  plants  in  late  afternoon,  mating  and  laying  e^gs,  but  not  themselves  injuring  the 
peas.  The  eggs  are  white,  flattened,  and  a  little  smaller  than  an  ordinary  pinhead. 
They  are  deposited  one  in  a  place  upon  the 
pods,  leaves,  or  steins  of  the  peas,  and 
on  other  plants  growing  in  the  pea  fields. 
Promptly  upon  hatching,  the  minute  cater- 
pillars drill  into  the  pods,  casting  out  a  little 
frass,  which  however  soon  blows  or  wears 
away,  leaving  almost  no  indication  of  their 
entrance.  Within  2  to  4  weeks  they  are  full- 
grown,  when  they  eat  out  of  the  pods  and 
enter  the  soil  or  other  protected  places  mostly 
during  August.  Here  they  form  the  winter 
cocoons,  in  which  they  remain  during  the 
next  10  months. 

Control  Measures. — Fluke,  working  in 
Wisconsin,  suggested  threshing  promptly 
within  a  day  or  two  of  harvesting,  so  that 
larvae  still  in  the  pods  might  be  killed  by  the 
thresher;  burning  all  remnants  of  the  crop; 
and  thorough  disking  of  the  soil  after  harvest- 
ing; deep  plowing  in  the  fall  to  destroy  the 
larvae  in  their  winter  nests;  and  the  use  of 
early  varieties,  maturing  before  mid- July,  in 
Wisconsin. 

References. — Wis.  Agr.  Exp.  Sta.  Bull.  310,     Fig.    295. — Work    of    the    pea    moth. 
1920;  Proc.  Ent.  Soc.  Nova  Scotia  for  1919,  pp.       (From  wis-  Aor-  ExP-  Sta-  BulL  31°) 
11-20,  1920. 

Mexican  Bean  Beetle1 

Importance  and  Type  of  Injury. — Where  it  occurs,  this  insect  is  a 
serious  enemy  of  all  kinds  of  snap  beans  and  Lima  beans.  Both  larvae 
and  adults  feed  on  the  leaves,  usually  on  the  under  surface,  leaving  the 
upper  surface  more  or  less  intact  except  as  it  breaks  through  upon  drying 
out.  The  larvae  eat  out  somewhat  regular  areas,  leaving  slender  parallel 
strips  of  untouched  leaf  between  them.  When  abundant,  the  insects 
also  attack  the  pods  and  stems,  and  the  plants  may  be  shredded  and  dried 
out  so  that  they  die  within  a  month  after  the  attack  begins,  often  before 
any  crop  is  matured. 

Distribution. — For  three-quarters  of  a  century,  the  Mexican  bean 
beetle,  also  known  as  the  bean  lady  beetle,  was  a  more  or  less  serious 
pest  only  in  the  western  part  of  the  country,  from  Colorado  southward. 
In   1920  it   was  discovered  in  northern  Alabama,  having  been  shipped 

1  Ejrilachna  corrupta  Mulsant,  Order  Coleoptera.  Family  Coccinellidae. 
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(lure,  it  u  believed,  in  alfalfa  hay  a  year  or  two  oarlior.  By  1928,  it 
had  spread  over  an  oval  area  centering  about  eastern  Tenni  and 

covering  paits  or  all  of  the  following  districts:  Mississippi,  Alabama, 
Georgia,  North  Carolina,  South  Carolina,  Tennessee,  Kentucky,  Virginia, 
West  Virginia,  Pennsylvania,  New  York,  Ohio,  Indiana,  Michigan,  and 
Ontario.  Further  spread  is  sure  to  occur,  and  in  time  its  range  will 
probably  extend  over  almost  the  entire  country. 

Plants  Attacked. — All  kinds  of  garden  beans,  and  cowpeas,  soybeans, 
and  beggar-tick.  It  has  been  most  injurious  to  garden  and  field  beans 
and  occasionally  to  soybeans  and  cowpeas.  In  cases  of  extreme  infesta- 
tion, alfalfa,  clovers,  vetch,  and  some  grasses  and  weeds  are  fed  upon. 

Life  History,  Appearance,  and  Habits. — This  insect  passes  the  winter 
only  in  the  adult  stage,  occurring  on  the  ground  among  leaves  and  other 


Fig.  296. — Mexican  bean  beetle;  showing  eggs,  larvae,  pupa  (above),  and  adults  on  bean 
leaves,  about  natural  size.      (Modified  from  Tenn.  State  Board  of  Entomology.) 


rubbish,  sometimes  in  groups  and  mostly  near  the  fields  where  beans  were 
grown.  The  beetles  (Fig.  296)  are  from  Y±  to  %  inch  long,  very  convex, 
short  ovate  in  outline,  and  from  yellow  to  coppery  brown  in  color.  Each 
wing  cover  has  eight  small  black  spots  that  form  three  rows  across  the 
body  when  the  wings  are  at  rest.  The  general  appearance  is  similar  to 
that  of  our  common  beneficial  lady  beetles  (see  p.  57),  but  it  is  larger 
than  most  of  them.  Some  of  the  beetles  appear  in  gardens  and  fields  of 
beans  about  the  time  the  earliest  garden  beans  are  coming  up  from  the 
seed,  while  others  continue  to  straggle  out  of  winter  quarters  for  nearly 
2  months.  After  feeding  a  week  or  two  on  the  beans,  the  adults  deposit 
eggs  on  the  underside  of  the  leaves.  These  are  about  J^o  inch  long, 
orange  yellow  in  color,  and  fastened  on  end  in  close  groups  of  40  to  50  or 
more.  The  eggs  hatch  in  a  week  or  two,  depending  on  the  temperature, 
and  the  larva?  feed  as  already  described  from  2  to  5  weeks.     When  full- 
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grown,  they  are  '.{  inch  or  more  in  length,  by  half  as  broad,  oval,  yellow, 
and  have  I  heir  backs  protected  by  six  rows  of  long  branching,  black-1  ipped 
spines  (Fig.  296).  When  growth  is  completed,  the  larvse  cemenl  the 
hinder  pari  of  their  bodies  to  the  underside  of  uninjured  leaves  of  beans 
or  other  plants,  often  gathering  In  groups.  The  pupa  (Fig.  290)  pushes 
out  of  the  larval  skin  crowding  it  back  to  the  tip  of  the  abdomen  which 
remains  covered  with  this  spiny  wrinkled  skin.  The  exposed  part 
of  the  pupa  is  nearly  bare,  smooth,  orange-yellow  and  rounded  in  front. 
The  adult  emerges  in  about  a  week,  and  may  lay  eggs  for  the  second 
generation  within  2  weeks  more.  From  egg  to  adult  occupies  a  month, 
on  the  average,  and  in  the  southeastern  states  there  are  three  or  even  four 
partial  generations.  In  the  western  and  northern  states  there  is  one 
generation,  with  a  partial  second.  Most  injury  occurs  in  July  and  August. 
1  )ispersal  takes  place  chiefly  in  late  summer  by  the  flight  of  the  adults, 
and  during  the  autumn  months,  when  the  beetles  gradually  leave  the 
plants  and  seek  hibernating  places. 

Control  Measures. — Any  one  of  the  following  insecticides  applied  to  the 
foliage  of  beans  so  as  to  cover  the  underside  of  the  leaves  thoroughly  will  pro- 
tect the  crop  if  applied  every  10  days,  beginning  as  soon  as  the  beetles 
and  their  eggs  become  numerous  on  the  plants. 

(a)  Spray  with  magnesium  arsenate,  1  pound  to  50  gallons  of  water, 
using  about  100  gallons  to  the  acre;  or  (b)  dust  with  a  thorough  mixture  of 
calcium  arsenate  1  pound,  fine  dusting  sulphur  1  pound,  and  hydrated 
lime  4  pounds,  using  12  to  15  pounds  to  the  acre;  or  (c)  dust  with  1  part 
calcium  arsenate  in  9  parts  hydrated  lime;  or  (d)  dust  with  a  thorough 
mixture  of  magnesium  arsenate  1  pound  and  hydrated  lime  4  pounds, 
using  12  to  15  pounds  to  the  acre.  Dusting  with  sodium  fluosilicate  at 
the  rate  of  1  part  in  2  parts  of  lime  has  given  fairly  satisfactory  control. 

Where  the  beetles  are  abundant,  it  is  recommended  that  bush  beans 
be  grown  instead  of  pole  beans,  that  no  larger  acreage  be  planted  than  can 
be  properly  sprayed  or  dusted,  and  that  the  remnants  from  crops  of  green 
beans  be  plowed  under  as  soon  as  the  crop  is  harvested.  In  the  North, 
late-planted  beans  will  escape  the  overwintered  females,  and  thus  avoid 
considerable  injury. 

References.— U.  S.  Dept.  Agr.  Farmers'  Bull.  1407,  1924;  U.  S.  Dept.  Agr.  Dept. 
Bull.  1243,  1924;  Jour.  Econ.  Entomol,  Vol.  21,  p.  178,  1928. 

Bean  Leaf  Beetle1 

Importance  and  Type  of  Injury. — Injury  hy  the  bean  leaf  beetle  is  twofold:  the 
reddish  to  yellowish,  dark-spotted,  adult  beetles  feed  on  the  underside  of  the  leaves, 
eating  round  holes  in  them;  while  the  slender  white  larvae  chew  the  roots  and  feed  on 
the  stem  just  below  the  surface  of  the  soil,  more  or  less  completely  girdling  the  plant. 

Plants  Attacked. — Beans,  peas,  cowpeas,  soybeans,  corn,  beggar-tick,  bush  clover, 
tick  trefoil,  hog  peanut,  and  other  weeds. 

1  Ceratoma  trifurcata  Forster,  Order  Coleoptera,  Family  Chrysomelida?. 
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Distribution.—  Abundant  111  the  Southeastern  State-  and  ranging  north  to  Kai 
Minnesota,  Canada,  and  \«u  \fork,  and  westward  to  Texas  and  New  Mexico. 

Life  History i  Appearance,  and  Habits.     Winter  ia  passed  in  the  adult  stage,  in  or 
near  bean  fields  of  the  preceding  season,  and  the  beetle  dj  to  attack  tin-  plants 

as  soon  as  they  appear  above  ground.  The  adults  (Fig.  297,  a)  v.n\  much  in  color 
and  markings,  but  are  typically  reddish  to  yellowish  in  color,  about   L,;  inch  long 

with  three  black  spots  in  a  row  along  the  inner  edge  of  each  wing  cover  and  a  black 
band  all  around  near  the  outer  margin  of  the  wing  covers.  They  are  found  on  the 
Underside  of  the  leaves  and  when  disturbed  generally  drop.      The  females  descend  to 

the  ground  to  lav  their  eggs  in  the  soil  about  the  bases  of  the  plants.  The  yellowish 
eggs  are  found  in  small  clusters  of  a  dozen  or  two  and  each  female  may  lay  40  or  more 
such  clusters  during  a  period  of  about  a  month.  The  eggs  hatch  in  from  1  to  3  weeks, 
depending  upon  the  season,  and  the  slender  white  larva1  find  their  way  to  the  base  of 


Fig.  297. 


-Roan  leaf  beetle, 
beetle. 


ti.   adult;  b,   pupa;  c,   larva,      bine  indicates  natural  size  of 
(From  U.  D.  S.  A.  Farmers'  Bull.  856.) 


the  stem  or  roots  and  feed,  as  described  above,  for  3  to  6  weeks.  The  larvae  (Fig.  297, 
c)  are  whitish,  dark  brown  at  both  ends,  conspicuously  segmented,  and  have  six 
very  small  legs  near  the  head.  When  full-grown,  the  larva  forms  an  earthen  cell 
within  which  the  white,  soft-bodied  pupa  stage  (b)  is  completed  in  about  a  week. 
In  the  North  these  adults  constitute  the  overwintering  population.  In  the  South 
there  are  one  or  two  partial  generations  in  addition. 

Control  Measures. — Where  this  insect  has  been  destructive,  applications  of  the 
arsenicals  recommended  for  the  control  of  the  Mexican  bean  beetle  (see  p.  453)  should 
be  made  to  the  vines  as  soon  as  the  beetles  appear  on  them,  to  catch  the  females 
before  they  have  laid  their  eggs.  Especial  care  should  be  taken  to  cover  the  under- 
sides of  the  leaves.  The  destruction  of  the  wild  host  plants,  such  as  beggar- tick, 
hog  peanut,  tick  trefoil,  and  bush  clover,  will  tend  to  prevent  abundance  of  the  pests. 

References. —  U.  S.  Dept.  Agr.  Bur.  Ent.  Bull.  9,  1897;  Jour.  Econ.  Entomol,  Vol.  8, 
p.  261,  1915. 

Spotted  Cucumber  Beetle 

This  general  pest  often  eats  large  irregular  holes  in  the  foliage  of  beans  and  cuts  off 
the  growing  tips.  When  the  leaves  are  parted,  the  yellowish-green,  black-spotted 
adults  drop  or  fly  away.  The  stems  of  the  plants  are  often  girdled  by  the  feeding 
of  many  beetles  at  or  near  the  surface  of  the  ground  so  that  the  plant  gradually  dies. 
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The  insert  is  further  discussed  under  Corn,  ;is  (ho  southern  corn  roolworm  (p.  .'{l  l),  and 
under  Cucurbil  Crope  (p.  461).  A  thorough  application  of  an  arsenical  such  as 
recommended  lor  the  Mexican  bean  beetle  will  control  this  insect  on  beans.  Since  the 
insects  .-ire  repelled  by  the  taste  of  arsenicals,  it  is  well  to  leave  :i  few  plants  at  intervals 
throughout  the  patch  unsprayed,  upon  which  the  beetles  may  congregate,  otherwise 
they  may  concentrate  about  the  base  of  the  plants  where  the  spray  has  not  reached 

and  do  very  severe  injury 

Pea  Aphid1 

Importance  and  Type  of  Injury. — Peas,  after  having  made  a  good 
start,  may  be  checked  and  gradually  wither  or  shrivel,  turn  yellow,  and 


Fio.  298. — Pea  aphids  on  stems  of  clover,  natural  size.      (From  III.  State  Xat.  Hist.  Sur.) 

in  bad  cases  shed  their  leaves  and  die.  Upon  a  brushing  or  shaking  of 
the  plants,  small  green  insects,  the  largest  of  them  only  Y§  inch  long,  fall 
to  the  ground.  If  the  plants  are  examined,  the  terminal  shoot  and 
leaves  and  the  stems  may  be  found  crowTded  or  lined  with  myriads  of 
these  green,  long-legged,  either  winged  or  wingless  aphids  (Fig.  298), 
which  suck  the  sap  and  possibly  also  poison  the  plant.  When  the 
aphids  are  abundant,  their  shed  skins  give  the  plants  and  the  ground  a 

1  lUinoia  piri  (Kaltenbach),  Order  Homoptera,  Family  AphididaD. 
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whitish  appearance.  When  the  insects  arc  m,t  abundant  enough  to  kill 
the  plants  or  even  to  cut  the  yield  greatly,  the  quality  of  the  peas  if 
often  affected,  ('aimers  often  try  to  remedy  this  defect  by  adding  more 
sugar  when  packing  such  peas.  The  aphids  are  often  overlooked  and 
the  injury  laid  to  the  more  conspicuous  insects,  especially  lady  beetles, 
that  are  feeding  upon  the  aphids,  or  to  disease,  such  as  root  rot. 

Distribution. — Throughout  the  United  States  except  possibly  some 
of  the  Rocky  Mountain  States. 

Plants  Attacked. — Garden  and  field  peas,  sweet  peas,  clover,  sweet 
clover,  alfalfa,  and  weeds  of  the  legume  family. 

Life  History,  Appearance,  and  Habits. — This  aphid  winters  on  alfalfa, 
clovers,  especially  red  and  crimson  clover,  and  other  perennial  plants. 
It  may  go  through  the  winter  either  in  the  egg  stage  or  as  ovoviviparous 


Fig.  299. 


-Winged,  ovoviviparous  female  adult  of  the  pea  aphid. 

Hist.  Sur.) 


(From  III.  State  Nat. 


females  in  the  northern  states  and,  farther  south,  may  continue  to 
breed  all  winter  on  these  and  other  plants.  In  the  spring  it  increases  on 
the  winter-host  plants  and  in  the  latitude  of  central  Illinois  winged 
migrants  begin  to  spread  to  other  plants,  including  peas,  about  May  1. 
These  winged  females  (Fig.  299)  start  colonies  on  new  plants  by  giving 
birth  to  active  young  nymphs  which  molt  four  times,  reach  the  adult 
stage,  and  begin  reproducing  in  about  12  days.  Each  female  commonly 
produces  6  or  7  young  a  day  until  from  50  to  100  or  more  have  been 
born.  There  are  from  7  to  20  or  more  such  generations  of  females  in 
the  course  of  a  year.  When  unchecked  by  natural  enemies  their  increase 
is  phenomenal,  but  they  are  much  subject  to  fluctuations  due  to  weather 
conditions,  the  attacks  of  many  predators  and  parasites,  and  fungous 
diseases.  They  usually  become  most  abundant  and  injurious  to  peas 
during  June,  in  the  latitude  of  Illinois.  Most  of  the  adults  are  wingless, 
but  when  they  become  crowded  on  the  plant  some  winged  ones  appear 
and  these  spread  the  insect  widely.  During  midsummer  they  are  found 
chiefly  on  other  leguminous  plants,  but  in  early  fall  again  become  abund- 
ant on  peas  wherever  these  are  available. 


INSECTS  INJURIOUS  TO   VEGETABLE  GARDENS 


157 


As  the  amount  of  daylight  diminishes  in  i he  fall  and  the  temperature 
drops,  the  ovoviviparous  females  give  birth  to  young  some  of  which 
become  sexually  mature,  egg-laying,  wingless  females  and  others  winged 

males.  The  eggs  are  laid  chiefly  on  the  leaves  and  stems  of  alfalfa  and 
red  clover  and  are  about  \  :i()  inch  Long,  light  green  in  color  when  newly 
laid  but  turning  a  shiny  black.  These  fertilized  eggs  live  over  winter 
and  give  rise  in  the  following  spring  to  the  ovoviviparous  stem-mothers 
which  start  the  next  season's  infestations. 

Control  Measures. — Nicotine  dust  containing  2.4  per  cent  nicotine  or 
(i  per  cent  nicotine  sulfate,  used  at  the  rate  of  30  pounds  to  the  acre,  is 
fairly   effective,   especially  if  a  sheet  of  canvas  about  20  feet  long  is 


Fig.  300. — Four-row  traction  duster  equipped  with  "trailer"  to  hold  the  fumes  from  nico- 
tine dust.     (From  U.  S.  D.  A.  Farmers'  Bull.  1499.) 

dragged  along  as  a  trailer  after  the  duster  to  confine  the  fumes  from  the 
dust  for  a  few  seconds  (Fig.  300).  According  to  Dudley,  this  method 
is  most  effective  when  the  temperature  is  75°  F.  or  higher,  and  in  the 
absence  of  wind. 

An  aphid-collecting  machine  called  an  aphidozer  which  brushes  off 
and  collects  the  plant  lice  has  been  devised  by  Dudley.  The  machine 
consists  of  a  revolving  reel  fitted  with  specially  made  brushes  which 
brush  and  knock  the  aphids  from  the  plants  into  a  hopper  from  which 
they  can  be  removed  at  intervals  and  destroyed.  In  the  present  stage 
of  its  development,  however,  the  aphidozer  is  not  recommended  for 
practical  use. 


References.— U.  S.  Dept.  Ayr.  Dept.  Hull  276,  IMS;  Md.  Aqr.  Exp.  Sin.  Bull  261, 
1924. 
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('.  INSECTS  INJURIOUS  TO  CUCURBITS 

FIELD  KEY  FOR  THE  DETERMINATION  OF  INSECTS  INJURING  CUCUMBER, 
SQUASH,  MELONS  AND  OTHER  CUCURBITS 

.1.    Insects  eating  holes  in  the  leaves  or  chening  at  tin  stems: 

1.  Small  beetles,  about  y§  inch  long,  with  three  black  stripes  down  the  back, 
separated  by  wider  stripes  of  bright  yellow,  eat  irregular  holes  in  the  leaves  and  feed 
especially  about  the  base  of  the  stem,  often  girdling  the  plant  at  or  near  the  surface 
of  the  ground.      Striped  cucumber  beetle,  page  459. 

2.  Beetles  of  the  same  general  shape  but  slightly  larger  than  A  1,  and  green  or 
greenish-yellow  in  color  and  with  six  conspicuous  black  spots  on  each  wing  cover, 
attack  especially  the  leaves  and  flowers  of  the  plants.  Spotted  cucumber  beetle,  page 
461. 

3.  Leaves  have  small  rounded  holes  eaten  into  them  so  they  look  as  though 
peppered  with  fine  shot.  Very  small  black  beetles  about  3^6  inch  long,  or  larger  oiks 
%  inch  long,  with  a  broad  yellow  longitudinal  stripe  on  each  wing  cover,  are  found 
mostly  on  underside  of  leaves,  jumping  vigorously  when  disturbed.  Flea  beetles, 
page  437. 

4.  Stems  of  young  plants  are  chewed  or  cut  off  near  or  below  the  ground,  by  dull- 
greenish,  brownish,  or  grayish,  cylindrical,  "greasy-looking"  worms,  variously 
marked  with  spots,  stripes,  or  oblique  bands;  the  largest  ones  1^  inches  long;  found 
in  the  soil  during  the  day;  often  coil  up  when  disturbed.     Cutworms,  page  434. 

B.  Insects  sucking  sap  from  the  leaves  or  stems,  causing  wilting,  curling,  and  dying  of 
leaves: 

1.  Elongate,  flattened,  oval,  blackish-brown  bugs,  %  inch  long;  and  powdery- 
white,  black-legged  nymphs,  from  ?i6  to  V>  inch  long,  hiding  under  wilted  leaves, 
clods,  etc.,  or  shying  about  the  vines,  suck  the  sap  and  poison  the  plants.  Have  a 
stinking  odor  when  crushed.     Squash  bug,  page  462. 

2.  Developing  leaves  at  tips  of  vines  are  curled,  wilted,  and  shriveled,  the  under- 
sides thickly  dotted  with  small,  winged  or  wingless,  tan,  brown,  green,  or  black 
aphids  of  various  sizes,  which  suck  out  the  sap.     Melon  aphid,  page  464. 

C.  Insects  boring  through  the  center  of  the  vines  causing  extensive  wilting  and  rotting  of 
the  stem: 

1.  Yellowish,  sawdust-like  excrement  accumulates  in  small  masses  from  holes 
in  the  vines.  Within  the  vine  are  found  whitish,  grub-like  caterpillars  up  to  1  inch 
long  and  3^  inch  in  diameter,  with  brown  heads  and  short  legs.  Squash  vine  borer, 
page  466. 

2.  Injury  similar  to  C  1,  especially  late  in  the  season,  caused  by  a  smaller  and 
slenderer  green  worm,  not  over  %  inch  long,  the  smaller  ones  with  a  row  of  black 
spots  across  each  segment.     Pickle  worm,  page  468. 

D.  Insects  boring  into  the  fruits: 

1.  Greenish  to  yellowish,  brown-headed  caterpillars,  up  to  %  inch  long,  those  under 
\<2  inch  with  conspicuous  cross  rows  of  blackish  spots,  bore  into  fruits  of  muskmelon, 
cucumber,  and  squash,  pushing  out  a  small  mass  of  excrement  behind  them  and  caus- 
ing the  fruits  to  rot  and  sour.     Pickle  worm,  page  468. 

2.  Injury  very  similar  to  D  1  is  caused  by  a  larger,  more  slender  worm,  ranging  up 
to  \}i  inches  long,  greenish  yellow  in  color,  with  light-brown  head  and  two  long, 
whitish,  well-separated  stripes  down  the  back.  They  wriggle  very  actively  when 
disturbed.     Melon  worm,  p.  470. 

3.  Plain  green,  or  greenish,  black-spotted,  or  yellow  and  black-striped  beetles, 
about  '.-,  inch  long,  gnaw  into  the  rind  of  squashes,  pumpkins,  melons,  and  related 
fruits  in  the  fall  of  the  year,  often  working  together  in  great  numbers.     They  disfigure 
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the  fnuis  l>ui   seldom  penetrate  deeply  enough  to  cause  rotting  or  fermentation. 
Striped  and  spoiled  cucumber  beetles  and  northern  com  rootworm,  pages  461  and  310. 
/'.'.  Insects  attacking  the  roots  and  boring  in  the  underground  stem,  or  devouring  the 
planted  seeds: 

1.  Very  Blender,  whitish  worms,  the  largesl  '.;  inch  long,  with  the  two  extremities 

brown,  with  six  short   legs  behind  the  head  and  a   pair  of  blunt    prolegs  on   the  last, 

Begment,  devour  the  smaller  roots  and  tunnel  through  the  underground  stems  and 

larger  roots.     Larva-  of  striped  cucumber  beetle,  page  459. 

2.  Thick,  white,  soft-bodied  grubs  up  to  an  inch  or  more  long,  with  reddish- 
brown  heads,  six  slender  legs,  and  body  somewhat  slenderer  near  the  middle,  chew  the 
roots.     Lie  curled  in  a  "  U"  or  semicircle.      White  grubs,  page  433. 

3.  Slender,  tough,  smooth,  brown  worms  up  to  1  inch  long,  with  chewing  jaws  and 
six  small  Legs,  ea1  into  seed  before  or  as  it  germinates  and  later  chew  at  the  roots  and 
underground  parts  of  the  stem.     Wireworms,  page  432. 

Striped  Cucumber  Beetle1 

Importance  and  Type  of  Injury. — This  is  the  most  serious  pest  of 
cucurbits  throughout  America  east  of  the  Rocky  Mountains.  On  the 
Pacific  Coast,  a  distinct  but  very  similar  species,  the  Western  cucumber 
beetle,2  is  the  cause  of  a  similar  injury  and  may  be  controlled  in  the 
same  way.  The  beetles  work  on  the  plants  from  the  moment  they 
appear  above  ground  in  the  spring  until  the  last  remnants  of  the  crop 
are  removed  or  destroyed  by  frost.  They  work  down  to  meet  the 
germinating  plants  before  they  reach  the  surface  of  the  soil.  They 
chew  the  leaves  and  tender  shoots,  and  especially  the  stem  near  or  below 
the  surface,  partially  or  completely  girdling  it.  They  feed  in  the  blos- 
soms, and,  in  autumn  especially,  gnaw  holes  in  the  rind  of  the  fruits. 
They  are  known  carriers  of  the  bacterial  wilt  of  cucurbits,  the  bacillus3 
causing  this  disease  living  over  winter  in  the  intestines  of  this  and  the 
related  spotted  cucumber  beetle.  In  the  spring  the  beetles  inoculate 
the  disease  into  the  interior  tissues  of  the  new  plants  as  they  feed,  and 
spread  it  from  plant  to  plant  and  field  to  field  wherever  infective  beetles 
go  and  feed.  This  insect  is  also  one  of  the  most  important  agencies  in 
the  spread  of  cucumber  mosaic.  Furthermore,  the  larvae  of  the  beetle 
injure  the  vines  during  the  summer  by  devouring  the  roots  and  tunneling 
through  the  underground  parts  of  the  stems.  Many  plants  are  killed 
early  in  the  season  by  this  beetle  and  the  wilt  disease  it  spreads,  and 
such  vines  as  survive  the  first  attack  have  the  yield  greatly  reduced  by 
the  work  of  the  adults  and  larvae. 

Plants  Attacked. — Cucumbers,  muskmelons,  winter  squashes,  pump- 
kins, gourds,  summer  squashes,  and  watermelons  appear  to  be  injured 
about  in  the  order  named.  So  far  as  known  the  larva?  can  develop  only 
on  these  and  related  cucurbits.     The  beetles,   however,   also  feed  on 

1  Diabrotica  vittata  Fabricius,  Order  Coleoptera,  Family  Chrysomelidfie. 

2  Diabrotica  trivittata  Mannerheim. 

3  Bacillus  tracheiphilus  Erm.  Sm.  (see  U.  S.  Dept.  Agr.  Depi.  Hull  828,  1920). 
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beans,  peas,  and  corn,  and  the  bloBsomfl  of  many  other  cultivated  and 

wild  plants. 

Distribution.  This  native  insect  ranges  from  Mexico  into  Canada, 
easl  of  the  Rocky  Mountains. 

Life  History,  Appearance,  and  Habits. — Only  the  adult  stage  of  these 
beetles  lives  through  the  winter.  Their  hibernating  quarters  seem  not 
to  be  well  known,  but  according  to  Dr.  W.  V.  Balduf,  they  winter  over 
on  the  ground  under  protecting  trash  of  various  kinds,  crawling  under 
any  convenient  shelter  near  their  last  feeding  place  when  cold  weather 
arrives.  This  may  be  either  near  the  previous  crop  or  about  their  wild 
food  plants,  such  as  goldenrod  and  asters.  The  beetles  emerge  from 
hibernation  very  early,  becoming  active  at  temperatures  above  55°  F., 


b  a  c 

Fig.  301. — The  striped  cucumber  beetle,     a,   adult;  b,  larva;  c,   pupa;  about  five  times 
natural  size.      (After  Chittenden,  U.  S.  D.  A.) 

and,  before  cucurbits  are  available  for  them  to  feed  upon,  subsist  on  the 
pollen,  petals,  and  leaves  of  hawthorn,  thorn  apple,  apple,  elm,  syringa, 
and  related  plants  for  several  weeks.  As  soon  as  cucumber,  squash,  or 
melon  vines  appear  above  ground,  they  come  to  these  plants,  settling 
upon  the  young  vines  and  devouring  the  seed  leaves  and  the  stems.  The 
beetles  (Fig.  301,  a)  are  familiar  to  nearly  every  grower.  They  measure 
about  3^5  inch  long  by  34  o  incn  wide.  The  upper  surface  is  about  equally 
black  and  yellow,  the  wing  covers  with  three  longitudinal  black  stripes. 
Mating  and  egg  laying  take  place  soon  after  the  beetles  migrate  to  the 
vine  crops.  The  orange-yellow  eggs  are  laid  about  the  base  of  these 
plants,  often  below  the  surface  of  the  soil  or  in  cracks  in  the  ground. 
The  larvae  (6)  that  hatch  from  them  work  their  way  into  the  soil  and 
feed  for  from  2  to  6  weeks  on  the  roots  and  underground  parts  of  the 
stem,  frequently  entirely  destroying  the  root  system.  When  full-grown 
they  are  about  }/%  inch  long  by  one-tenth  as  broad.  The  whitish  pupa 
stage  (c)  is  also  found  in  the  soil  and  lasts  for  about  a  week.  Adults 
from  this  first  generation  appear  in  midsummer  over  a  period  of  6  weeks 
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or  more  and  Feed  extensively  on  stems,  leaves,  and  blossoms  of  cucurbits, 
and  also  on  Legumes.     In  t he  warmer  Latitudes  these  beetles  soon  mate 

and  produce  another  generation  during  late  summer  and  early  fall,  and 
the  adults  From  these  and  even  from  partial  third  or  fourth  generations 
are  the  ones  found  in  late  fall  on  goldonrod,  sunflower,  and  aster  blos- 
soms and  on  the  fruits  of  cucurbits.  In  the  northern  states  there  is 
only  one  generation. 

Control  Measures. — This  pest  is  hard  to  control  because  of  the  under- 
ground position  of  the  larva?,  the  habit  of  the  adults  of  attacking  the 
plant  low  down  or  even  below  ground,  and  the  fact  that  the  adults 
detect  arsenicals  on  the  plants  and  seek  out  places  that  are  not  covered 
by  these  poisons,  on  which  to  feed.  The  most  successful  control,  in  our 
experience,  is  a  repellent  and  poisonous  dust  recommended  by  the  Ohio 
Experiment  Station  and  consisting  of  1  part  calcium  arsenate  and  20 
parts  burned  gypsum  or  land  plaster  thoroughly  mixed  and  dusted  over 
the  plants  often  enough  to  keep  them  covered  from  the  time  they  appear 
through  the  ground  until  the  attack  by  the  first  generation  beetles  is 
over.  A  special  grade  of  dusting  gypsum  can  be  obtained  for  this 
purpose.  The  U.  S.  Department  of  Agriculture  recommends  a  dust 
containing  5  per  cent  of  40  per  cent  nicotine  sulphate  (2  per  cent  nicotine) 
in  hydrated  lime  or  in  a  mixture  of  kaolin  and  lime,  using  about  J^ 
ounce  to  the  hill.  See  page  241  for  method  of  preparing  nicotine  dusts. 
This  material  is  said  to  act  both  as  a  repellent  and  as  a  contact  insecticide. 
Three  years'  experiments  in  Illinois  have  invariably  given  greater  yields 
where  the  calcium  arsenate-gypsum  mixture  was  used  than  where 
cucumbers  were  dusted  with  nicotine  sulfate  in  hydrated  lime. 

Where  the  acreage  is  small  enough  to  make  it  practicable,  the  plants 
may  be  covered,  from  the  moment  they  appear  through  the  ground,  with 
wire  or  cloth  screen  made  in  the  form  of  cones  or  hemispheres.  Such  pro- 
tectors keep  the  beetles  off  until  the  plants  get  a  good  start,  when  they 
must  be  removed.  It  is  well  to  plant  an  excess  of  seed,  and  thin  out  after 
the  plants  are  started. 

References.— Ohio  Agr.  Exp.  Sta.  Bull.  388,  1925;  U.  S.  Dept.  Agr.  Farmers'  Bull. 
1322,  1923;  Wis.  Agr.  Exp.  Sta.  Bull.  355,  1923. 

Spotted  Cucumber  Beetle1 

This  species  belonging  in  the  same  genus  as  the  striped  cucumber 
beetle  and  the  northern  corn  rootworm,  is  a  much  more  general  feeder 
than  either.  While  the  total  damage  done  by  it,  because  it  also  injures 
field  crops,  is  probably  greater  than  either  of  the  others,  its  injury  to 
cucurbits  is  much  less  noticeable.  This  injury  is  similar  to  that  of  the 
striped  cucumber  beetle.     The  larva  of  this  insect  is  the  well-known 

1  Diabrotica  duodecimpunctata  Olivier,  Order  Coleoptera,  Family  Chrysomelid;e. 
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southern  corn  rootworm.  In  addition,  the  adult  is  a  constant  pot  of 
string  and  Lima  bean,  pea,  potato,  beet,  asparagus,  eggplant,  tomato. 
cabbage,  and  many  other  garden  plants,  and  the  larvae  develop  on  Un- 
roots of  corn,  beans,  small  grains,  alfalfa,  and  many  wild  grasses.  A 
fuller  description  of  the  insect  is  given  under  corn  insects,  Southern  Corn 
Rootworm,  page  311.  On  curcurbits  it  may  be  controlled  with  the  cal- 
cium arsenate-gypsum  mixture,  as  recommended  for  the  striped  cucumber 
beetle. 

Squash  Bug1 

Importance  and  Type  of  Injury. — There  is  no  more  vexatious  pest  of 
the  garden  than  the  squash  bug.  Leaves  of  plants  attacked  by  it  rapidly 
wilt  as  though  the  sap  flow  had  been  cut  off  or  poisoned,  and  soon  become 
blackened,  crisp,  and  dead.  Small  plants  may  be  killed  entirely;  larger 
plants  usually  show  certain  leaves  or  runners  that  are  affected.  In  many 
localities  it  is  practically  impossible  to  grow  certain  varieties  of  squashes, 
as  the  plants  are  killed  by  these  bugs  before  any  fruits  are  matured. 
The  bugs  possess  a  remarkable  vitality  and  tenacity  of  life,  to  the  great 
annoyance  of  the  gardener.  Plants  in  farm  or  city  gardens  suffer  most 
severely  although  large  commercial  plantings  also  are  badly  injured. 

The  attack  of  this  pest  may  be  identified  by  finding  the  brownish- 
black  adult  bugs,  about  %  inch  long  (Fig.  302,  a),  and  their  numerous, 
whitish,  black-legged  nymphs  (c,  d,  e),  which  range  in  size  from  ^{q  to  )^ 
inch  long.  They  are  usually  more  or  less  hidden  about  the  base  of  the 
plant  under  the  deadened  leaves  or  under  clods,  and  when  approached 
they  shy  around  the  vines  or  walk  rapidly  to  cover. 

Plants  Attacked. — All  of  the  cucurbits  or  vine  crops  are  attacked,  but 
the  bugs  show  a  marked  preference  for  squashes  and  pumpkins.  Among 
the  squashes,  the  winter  varieties,  such  as  hubbards  and  marrows,  suffer 
most  severely. 

Distribution. — Throughout  the  whole  United  States  from  Central 
America  to  Canada. 

Life  History,  Appearance,  and  Habits. — Only  the  unmated  adult  bugs 
pass  the  winter.  They  hibernate  in  all  kinds  of  shelter  under  the  protec- 
tion of  dead  vines,  leaves,  clods,  stones,  piles  of  boards,  outbuildings,  and 
dwellings  which  they  enter  in  the  fall.  They  are  rather  slow  to  appear  in 
spring  and  feed  only  on  cucurbits.  By  the  time  vines  begin  to  "run,"  the 
adults  fly  into  the  fields  and  gardens  and  apparently  locate  their  food  by 
the  odor  of  the  plants.  Mating  occurs  in  the  spring  and  egg  laying  begins 
soon  afterward.  The  egg  clusters  (Fig.  302,  b)  will  usually  be  found  on 
the  under  side  of  a  leaf  in  the  angle  formed  by  the  veins.  The  eggs  are 
brownish,  from  yellowish  brown  to  very  dark  bronzy  brown  according  to 
their  age,  oval  in  outline,  and  about  ^{q  inch  long.     They  are  laid  in 

1  Anasa  tristis  De  Geer,  Order  Hemiptera,  Family  Coreidae. 
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groups  commonly  numbering  a  few  dozen.  The  eggs  lie  on  their  sides, 
sometimes  close  together,  sometimes  separated  by  more  Hum  their  own 

diameter.  They  are  usually  placed  in  rows  in  two  directions,  the  rows 
meeting  each  other  at  an  acute  angle.  The  overwintering  adults  live  and 
continue4  laying  eggs  until  about  midsummer. 

A  week  or  two  after  the  eggs  are  laid,  the  small  nymphs  hatch.  They 
are  at  first  strikingly  colored,  the  abdomen  being  green,  the  head,  thorax, 
antenna1  and  legs  crimson,  soon  darkening  to  reddish  brown.  The  older 
nymphfl  are  grayish  white  in  color,  with  nearly  black  legs  and  antennae. 
There  are  live  nymphal  stages.  When  the  insects  are  crushed,  a  disagree- 
able4 odor  is  given  off  from  two  oval  spots  on  the  middle  of  the  upper  side; 
of  the  abdomen.     This  gives  rise  to  the  name  " stink  bug"  often  wrongly 


Fig.  302. — Life  stages  of  the  squash  bug.  a,  adult;  b,  eggs  (about  natural  size);  c,  d 
and  e,  nymphs  in  different  stages,  a,  c,  d,  and  e  twice  natural  size.  (From  Chittenden, 
r.  S.  D.  A.) 

applied  to  these  insects.1  All  stages  of  the  bugs  feed  by  sucking  the  sap 
of  the  plant.  The  youngest  nymphs  are  gregarious,  those  from  one  egg 
cluster  feeding  close  together. 

From  \y2  to  2  months  after  the  eggs  are  laid,  the  new  bugs  begin  to 
transform  to  adults,  there  being  usually  a  period  of  scarcity  of  mature 
bugs  following  the  disappearance  of  the  parents,  before  the  young  have 
become  adult.  The  new  adults  do  not  mate  or  lay  eggs  until  the  following 
spring,  at  least  in  the  North,  and  there  is  probably  only  one  generation  a 
year  throughout  the  country.  These  adults  and  the  nymphs  from  later- 
laid  eggs  are  usually  present  in  great  numbers  when  the  first  frosts  kill 
the  leaves  and  vines.  The  bugs  then  collect  in  dense  groups  upon  the 
protected  faces  of  unripe  fruits,  where  they  continue  to  suck  the  sap. 
They  gradually  fly  and  crawl  away  in  search  of  winter  shelter,  and  such 

1  The  true  stink  bugs  are  the  shield-shaped  bugs  of  the  related  family  Pentatomidse. 
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nymphs  as  d<>  aol  succeed  in  reaching  the  adult  condition  die  during  the 
early  w  inter. 

Control  Measures.—  No  satisfactory  control  measure  for  squash  bugs 
has  ever  been  discovered.  The  adult  bugs  are  so  resistant  to  cunt  act 
Sprays  and  poison  gases  t  hat  the  use  of  known  insecticides  is  impracticable. 
The  young  bugs  may  be  killed  by  a  spray  of  nicotine  sulphate  1  to  400  of 
soapy  water,  by  certain  oil  sprays,  or  by  fish-oil  soap  Y±  pound,  and 
sulphur  2  ounches,  to  each  gallon  of  water,  applied  very  forcibly  to  the 
nymphs;  but  it  is  almost  impossible  to  reach  all  of  them.  One  of  the  most 
effective  controls  known  is  to  collect  the  bugs  by  hand  and  to  crush  the 
egg  masses  as  fast  as  they  appear  on  the  young  plants  in  spring.  Pieces 
of  boards,  shingles,  and  similar  flat  objects  are  often  placed  out  among  the 
plants.  The  bugs  collect  under  them  at  night  and  if  they  are  examined 
each  morning  many  may  be  destroyed.  In  the  fall,  great  numbers  of  the 
bugs  can  be  caught  and  killed  on  the  fruits  after  the  vines  have  died.  As 
soon  as  the  crop  is  harvested,  the  vines  should  be  removed  from  the  field 
and  burned  or  worked  into  a  compost  heap.  The  margins  of  fields  and 
the  grounds  surrounding  the  garden  should  be  as  free  as  possible  of 
rubbish,  piles  of  leaves,  boards,  and  other  shelter  for  the  bugs  during 
the  winter. 

References. — N.  H.  Agr.  Exp.  Sta.  Bull.  89,  1902;  Jour.  Econ.  Entomol,  Vol.  13, 
pp.  416-425,  1919,  and  Vol.  16,  p.  73,  1923. 

Melon  Aphid1 

Importance  and  Type  of  Injury. — After  the  vines  of  cucurbits  begin 
to  "run,"  a  single  hill  here  and  there  will  often  be  found  to  have  the 
edges  of  the  leaves  curled  downward  or  some  of  them  wilted,  shriveled, 
and  browning  (Fig.  303).  The  under  sides  of  such  leaves,  inside  the 
curl,  are  generally  crowded  with  very  small,  yellow,  green,  and  black  aphids, 
some  winged,  others  wingless,  and  of  several  sizes.  These  insects  suck 
the  sap  from  the  leaves,  weakening  the  plants  and  reducing  both  the 
quantity  and  quality  of  the  fruit.  In  years  of  abundance,  they  kill  the 
plants  and  ruin  the  crops  over  extensive  areas.  In  the  North  they  are 
especially  destructive  in  hot,  dry  summers,  following  cool,  wet  springs 
which  have  reduced  the  efficiency  of  their  natural  enemies.  Chittenden 
considered  this  the  most  destructive  aphid  occurring  in  this  country. 

Plants  Attacked. — This  insect  feeds  on  a  wide  variety  of  plants,  but  is 
of  economic  importance  chiefly  on  the  cucurbits,  cotton  (on  which  it  is  a 
very  serious  pest),  okra,  and  citrus  fruits.  It  also  feeds  on  strawberry, 
bean,  beet,  spinach,  eggplant,  asparagus,  a  number  of  ornamental  plants, 
and  many  weeds,  especially  shepherd's  purse,  pepper  grass,  pigweed,  and 
dock.     It  also  occurs  on  certain  of  these  plants  in  the  greenhouse. 

1  Aphis  gossypii  Glover,  Order  Homoptera,  Family  Aphididae. 
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Distribution.  -  Throughout  the  United  States,  southward  to  Central 
and  South  America;  most  destructive  in  the  South  and  Southwest. 

Life  History,  Appearance,  and  Habits. —  In  the  North,  according  to 
Dr.  Edith  M.  Patch,  the  insect  winters  on  live-forever,  in  the  egg  stage, 

where  this  plant  is  found.     Those  eggs  are  fertilized,  in  the  fall,  by  males 
t hat    developed   on    the   same   plant.      In    the   extreme   South,   at   least, 


Ik;.   303. — Tip  of  a  melon   vino   badly  infested  with   melon   aphids. 

U.  S.  D.  A.) 


{From   Chittenden, 


the  insect  continues  breeding  ovoviviparously  throughout  the  winter. 
It  appears  on  cucurbits  in  late  spring  or  early  summer,  and,  if  the  weather 
is  favorable  and  it  is  not  cheeked  by  sprays  or  natural  enemies,  increases 
and  spreads  with  astonishing  rapidity.  Paddock  records  51  generations 
in  12  months  in  Texas,  the  average  young  per  female  being  more  than  80. 
Many  winged  individuals  are  produced,  and  wherever  they  fly  or  are 
blown  by  the  wind  a  new  colony  is  soon  started. 
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Control  Measures*     Since  the  attack  <>n  cucurbits  commonly  begins 

in  small,  scat  tnvd  spots  over  the  field,  such  spots  should  be  watched  for 

and  the  aphids  destroyed  upon  them   before  they  become  generally 

established   over   the   whole   crop.      Besides    the    wilting,    curled    lea\ 
attention  may  be  attracted  to  the  aphids  early  by  the  visits  of  ants,  b< 
\\  asps,  and  flies  to  the  colonies  to  get  the  honeydew  and  by  the  white  cast 
skins  of  the  aphids  sticking  to  the  leaves.      Every  effort  should  be  made 
to  apply  control  measures  before  the  leaves  on  the  terminal  shoots  curl 
too  badly.     A  3  per  cent  nicotine  dust,  made  according  to  the  directions 
given  on  page  241  is  the  most  effective  insecticide  for  these  aphids  on  the 
vine  crops.     Dusting  is  much  more  effective  if  the  plants  are  covered 
with  a  piece  of  canvas  or  tarpaulin  beneath  which  the  dust  is  applied 
The  tarpaulin  should  be  left  in  place  for  3  to  5  minutes.     Nicotine  sul- 
phate 40  per  cent,  used  1  to  800  in  soapy  water  kills  all  the  aphids  wetted 
by  it,  but  it  does  not  cover  as  well  as  the  dust,  which  may  penetrate  even 
to  the  interior  of  curled  leaves.     Whenever  a  Bordeaux  mixture  is  being 
applied  for  fungus  diseases,  ^  pint  of  nicotine  sulphate  may  be  added 
to  each  50  gallons  of  this  spray  to  destroy  these  aphids  if  they  are  present. 

References.— U.  S.  Deyt.  Agr.  Farmers'  Bull.  1499,  1926;  Tex.  Agr.  Exp.  Sta.  Bull. 
257,  1919;  III.  Agr.  Exp.  Sta.  Circ.,  297,  1928;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1282, 
1922;  Me.  Agr.  Exp.  Sta.  Bull.  326,  1925. 

Squash  Vine  Borer1 

Importance  and  Type  of  Injury. — This  pernicious  borer  is  in  many 
localities  a  very  destructive  pest  of  squashes  and  pumpkins,  sometimes 
destroying  25  per  cent  or  more  of  the  crop.  Attention  will  often  first  be 
called  to  it  by  the  sudden  wilting  of  a  long  runner  or  an  entire  plant. 
Examination  of  the  wilted  vine  will  reveal  masses  of  coarse,  greenish- 
yellow  excrement  which  the  borer  has  pushed  out  of  the  vine  through  holes 
in  the  side.  If  such  a  vine  is  split  open  it  will  be  found  hollowed  out  and 
partly  filled  with  moist  slimy  frass  similar  to  that  cast  out  on  the  ground. 
In  the  midst  of  this  material  is  a  thick,  white,  wrinkled  brown-headed 
worm,  the  largest  ones  1  inch  long  and  almost  34  inch  thick  (Fig.  304,  d). 
Plants  injured  to  the  point  of  wilting  usually  contain  a  number  of  borers. 
Their  excrement  should  be  watched  for  especially  about  the  base  of  the 
plant  close  to  the  roots.  Infested  vines  are  often  completely  girdled, 
and  usually  become  rotten  and  die  beyond  the  point  of  attack. 

Plants  Attacked. — Squashes,  such  as  hubbards,  marrows,  cymblings, 
and  other  late  varieties,  summer  squash,  pumpkins,  gourds,  cucumbers, 
and  muskmelons  are  injured,  about  in  the  order  named.  The  wild 
cucumber  also  is  infested. 

Distribution. — East  of  the  Rocky  Mountains  from  Canada  to  South 
America. 

1  Melittia  satyriniformis  Hl'ibner,  Order  Lepidoptera,  Family  jEgeriidae. 
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Life  History,  Appcaranrc,  and  Habits.  The  insect  winters  an  inch  or 
two  below  the  surface  of  Hie  soil  inside  of  a  tough,  dirt-COVered,  silk-lined, 
black  cocoon  (Fig.  304,  e)  about  'j  \  inch  Long,  either  in  the  larva  or  pupa 

stage,  [f  as  a  larva,  the  change  to  the  mahogany-brown  pupa  (J)  occurs 
in  the  spring.  Two  or  throe  weeks  later,  about  the  time  the  vine  crops 
are  beginning  to  run,  the  pupa  tears  open  the  end  of  its  cocoon  and  wrig- 
gles up  through  the  soil  to  the  surface.  Its  skin  then  splits  down  the  back 
and  reveals  a  beautiful  wasplike  moth,  1  to  l}4  inches  across  the  wings 
(Fig.  304,  a,  b).     The  front  wings  are  covered   with   metallic-shining 


Fig.  304. — The  squash  vine  borer;  a,  male;  b,  female;  c,  egg;  d,  larva  in  stem;  c, 
earth-covered  cocoon;  f,  pupa;  about  twice  natural  size.  (From  Iowa  Agr.  Exp.  Sta. 
Circ.  90.) 


olive-brown  scales,  but  the  hind  wings  are  transparent.  The  abdomen  is 
ringed  with  red,  black,  and  copper;  and,  like  its  relative  the  peach  borer, 
the  moth  flies  swiftly  and  noisily  about  the  plants  during  the  daytime, 
seeming  more  like  a  wasp  than  a  moth.  Small,  oval,  somewhat  flattened, 
brownish  eggs,  J^5  inch  long,  are  glued  one  in  a  place  on  the  stems,  espe- 
cially toward  the  base  of  the  plant.  The  small  borers  enter  the  stem  a 
week  or  two  later  and  tunnel  along,  eating  out  the  inner  tissues  for  about 
a  month.  They  have  a  brownish  head  and  six  short  slender  legs  on  the 
thorax  and  five  pairs  of  short  prolegs.  Small  borers  may  often  be  found 
in  the  leaf  stem  but  most  of  them  occur  toward  the  base  of  the  plant. 
Later  in  the  season  they  are  often  found  throughout  the  stem,  and  even 
in  the  fruits.     When  the  larva?  are  full-fed,  they  desert  their  burrows  and 
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make  cocoons  ID  the  soil.  In  the  more  northern  states  the  larvic  remain 
in  these  cocoons  until  spring  before  pupating,  there  being  only  one 
generation  a  year.  Farther  south,  at  least  a  part  of  the  larva?  pupate 
promptly  after  leaving  the  plant-,  and  some  of  these  change  to  adult-, 
giving  rise  to  a  second  generation  of  larva'  during  August  and  September. 
In  the  Gulf  States,  two  generations  is  believed  to  be  the  rule. 

Control  Measures. — Like  most  borers,  this  insect  presents  great  diffi- 
culties in  control  since  no  insecticides  can  reach  the  point  of  feeding. 
Worthley  recommends  spraying  the  squash  vines,  within  a  week  after 
eggs  are  first  seen,  using  40  per  cent  nicotine  sulphate  at  the  rate  of  1  part 
to  300  parts  of  water  (1  ounce  to  2%  gallons)  plus  }4  part  (J-^  ounce)  of 
caustic  potash  fish-oil  soap.  This  spray  kills  the  eggs  and  should  be 
directed  principally  at  the  base  of  the  vine.  One  treatment  will  usually 
suffice,  if  damp  weather  follows  to  stimulate  root  formation  along  the 
runners.  Continued  dry  weather,  however,  may  necessitate  two,  three, 
or  four  applications  at  weekly  intervals  to  insure  a  crop.  The  only  thing 
to  do  with  infested  plants  is  to  slit  the  stems  lengthwise  at  the  point  of 
attack,  crushing  or  removing  the  borers  and  immediately  covering  the 
stems  with  moist  earth.  Since  girdling  is  most  likely  to  occur  at  the  base 
of  the  plant,  it  is  well  to  cover  the  vines  with  soil  a  few  feet  from  the  base 
so  that  they  may  form  supplementary  roots  and  save  the  vine  in  case  it 
is  cut  off  at  its  base.  To  reduce  injury  the  following  year,  all  vines 
should  be  raked  together  and  burned  as  soon  as  the  crop  can  be  harvested. 
The  soil  should  be  harrowed  in  the  fall  and  turned  under  deeply  in  the 
spring  to  prevent  the  emergence  of  adults  from  the  cocoons. 

References— U.  S.  Dept.  Agr.  Farmers'  Bull.  668,  1915;  Mass.  Agr.  Exp.  Sta.  Bull. 
218,  pp.  70-80,  1923. 

Pickle  Worm1 

Importance  <m<l  Type  of  Injury — Throughout  the  Gulf  States,  ripening  fruits  of 
muskmelons,  cucumbers,  and  squashes  are  bored  into  by  a  whitish  to  greenish  cater- 
piller,  up  to  %  inch  long,  brownish  at  the  head  end  and  the  smaller  ones  with  a  trans- 
verse row  of  black  spots  on  each  segment.  The  larva1  push  out  a  small  mass  of  green 
sawdust-like  excrement  from  their  holes  in  the  fruit.  The  fruits  soon  rot,  sour,  and 
mold  after  the  interior  has  been  exposed  to  the  air  by  these  burrows.  Other  larvao 
work  in  the  stems,  terminal  buds,  and  especially  in  the  blossoms  of  squash.  Late- 
maturing  crops  are  frequently  almost  totally  destroyed  by  these  worms. 

Plants  Attacked. — Muskmelon,  cucumber,  and  squash,  are  seriously  injured; 
watermelon  rarely;  and  pumpkin  not  at  all. 

Distribution. — Especially  destructive  in  the  southern  states  but  occasionally  so, 
as  far  north  as  Missouri,  Illinois,  Michigan,  and  New  York.  The  insect  is  found  from 
Canada  to  South  America. 

Life  History,  Appearance,  and  Habits. — The  insect  hibernates  in  the  pupa  stage 
surrounded  by  a  thin  cocoon  of  silk  and  usually  in  a  roll  of  leaf  from  the  food  plant. 
The  cocoons  generally  lie  on  the  ground  in  or  near  the  old  food  plants  but  are  some- 
times suspended  on  weeds  and  other  plants  near-by.     A  very  small  percentage  of  them 

1  Diaphania  nitidalis  Stoll,  Order  Lepidoptera,  Family  Pyralididae. 


rxsWTS  INJURIOUS  TO   VEGETABLE  GARDENS 


169 


survive  the  winter  :ui<1  the  spring  cultivation  of  the  soil,  and  give  rise  in  [ate  spring 
(early  June  in  North  ( Carolina  I  to  Btriking-looking  moths  a  Little  more  than  I  inch  wide 

across  the  spread  wings  (Fig.  805).     'The  two  p.'iirs  of  wings  are  margined  with  n  band 

of  yellowish  brown,  about  '  s  inch  wide,  and  the  body  above  is  of  t  he  same  color,  with 
purplish  reflections  in  certain  lights;  while  a  median  spot  on  the  front  wings,  and  tin- 
basal  two-thirds  of  the  hind  wings,  are  transparent  yellowish  white.     The  tip  of  the 

abdomen  has  a  prominent  rounded  brush  of  long  hair-like  scales.  'I  ne  moths  fly  lute 
at  night  and  eggs  are  deposited  in  clusters  of  two  to  seven  on  the  tender  buds,  new 
leaves,  or  stems.  The  larva1  work  at  first  in  the  buds,  blossoms,  and  tender  terminals, 
and  some  of  them  complete  their  growth  in  the  vegetative  part  of  the  plant.  Many 
however,  begin  to  wander  about  when  they  are  partly  grown,  and  find  their  way  to  the 
fruits.  Several  fruits,  especially  of  muskmelon,  may  be  entered  and  ruined  by  a  single 
caterpillar  before  its  growth  is  completed.  When  full-grown  they  are  greenish  or 
yellowish  all  over,  except  for  the  brown  head  and  brown  area  just  behind  the  head, 


Fig.  305. — Adult  of  the  pickle  worm,  twice  natural  size. 
"Manual     of    Vegetable-garden    Insects"    copyright,     1918,    by 
Ri  )>rinted  by  permission.) 


{From  Crosby  and  Leonard 
the    Macmillan    Company. 


although  younger  larvae  are  conspicuously  marked  with  about  100  black  spots  evenly 
scattered  over  the  body.  After  feeding  for  about  2  weeks,  they  desert  their  burrows, 
roll  a  leaf  about  themselves  and  spend  the  next  week  or  10  days  in  the  pupa  stage 
inside  of  a  thin  coccoon.  The  first  generation  is  few  in  numbers,  but  the  moths 
emerging  from  these  pupae  in  early  July  lay  sufficient  eggs  so  that  the  second  genera- 
tion may  do  some  damage  to  early  muskmelons.  It  is,  however,  during  August  and 
September  that  the  really  severe  injury  by  this  insect  occurs,  probably  by  the  third  or 
fourth  generation  larvae.  Muskmelons  harvested  before  early  July  or  mid-July  are 
rarely  injured.  Four  or  five  weeks  are  required  for  a  generation,  and,  according 
to  Smith,  from  whose  account  much  of  this  description  is  drawn,  there  are  four  full 
generations  and  a  partial  fifth  in  North  Carolina. 

Control  Measures. — After  the  worms  begin  to  attack  a  crop,  there  is  no  known 
means  of  saving  it.  A  few  fruits  can  be  enclosed  in  paper  bags  or  placed  on  chips  to 
avoid  the  worms,  but  for  the  commercial  crop,  protective  measures  must  be  taken 
during  the  preceding  fall  and  spring.  As  soon  as  a  crop  is  harvested,  the  vines  and 
unused  fruits  and  adjoining  weeds  and  trash  should  be  collected  together  and  burned 
or  converted  into  compost,  to  destroy  the  worms  in  them.  Early  in  the  fall  the  fields 
should  be  plowed  in  order  to  bury  the  pupae  that  have  fallen  to  the  ground.  Every 
effort  should  be  made  to  get  the  crop  matured  early,  since  the  early  cantaloupes  and 
cucumbers  almost  always  escape.  To  protect  muskmelons  and  cucumbers,  early 
squash  may  be  u>ed  as  a  trap  crop.  Four  rows  of  squash  to  the  acre  are  recom- 
mended by  Smith,  to  be  planted  about  2  weeks  after  the  main  crop.  Successive 
plantings  every  2  weeks  should  be  made,  in  order  that  there  may  be  an  abundance  of 
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fresh  squash  blossoms  throughout  the  season.  The  moths  pn  fei  to  !■•>  their  eggi  on 
Bquash,  and  the  worms  feeding  in  squash  do  nol  wander  from  fruit  to  fruil  aa  those  on 
other  crops.  Before  the  worms  become  full  grown  in  the  Bquash  blossom-,  either  the 
infested  blossoms  tnust  be  picked  off  and  destroyed  or  else  the  entire  vim  r<  moved  and 
destroyed  as  the  later-planted  ones  come  into  bloom.  Muskmelons  may  I"'  completely 
protected  by  this   means   it  the   trapped   worms  in  the  squash   plants  are  destroyed 

regularly.     The  flavor  of  the  fruits  is  not  affected  by  growing  squash  among  them, 

but  the  seeds  from  such  fruit  cannot  be  used. 

Reference.— N.  C.  Agr.  Exp.  Sta.  Bull.  214,  1911. 

Melon  Worm1 

The  melon  worm  is  a  close  relative  of  the  pickle  worm  and  its  life  cycle  and  habits 
are  very  similar,  except  that  this  species  feeds  much  more  extensively  on  the  foliage 
than  the  pickle  worm,  rarely  enters  the  vine  or  leaf  petioles,  appears  a  little  later,  and 
attacks  pumpkins  as  well  as  the  other  cucurbits,  but  it  is  rare  in  watermelons.  It  is 
rarely  injurious  north  of  the  Gulf  States,  although  the  adults  at  least  are  found  from 
South  America  to  Canada.     The  adult  of  the  melon  worm  (Fig.  306)  is  a  beautiful 


Fig.  306. — Adult  of  the  melon  worm,  twice  natural  size.  (From  Crosby  and  Leonard 
"Manual  of  Vegetable-garden  Insects,"  copyright,  1918,  by  the  Macrnillan  Company. 
Reprinted  by  permission.) 


moth  with  a  wing  expanse  of  about  1  inch.  The  wings  are  pearly  white,  with  a 
narrow  dark-brown  band  about  }{q  inch  wide  all  around  the  front  and  outer  margins. 
The  body  in  front  of  the  wings  is  dark  brown,  while  the  hinder  part  of  the  thorax  and 
abdomen  are  silvery  white  with  a  large  bushy  tuft  of  darker  hairlike  scales  at  the  tip 
of  the  body.  The  greenish  caterpillar  may  be  distinguished  from  the  pickle  worm  in 
all  but  the  smallest  and  largest  stages  by  having  two  white,  well-separated,  slender 
stripes  the  full  length  of  the  body  on  the  upper  side  and  by  lacking  the  dark  spots. 
They  are  somewhat  more  slender  than  pickle  worms,  and  more  active  in  their 
movements. 

Control  Measures. — Since,  according  to  R.  I.  Smith,  the  larvae  of  this  species  feed 
a  good  deal  on  the  foliage,  they  can  be  destroyed  by  the  application  of  a  spray  or  dust 
of  arsenate  of  lead,  wherever  their  destructiveness  warrants  the  expense.  The 
application  should  be  made  while  the  worms  are  still  small,  and  should  be  directed 
against  the  under  sides  of  the  leaves.  Dusting  is  best  because  the  cloud  of  dust  will 
cover  the  under  sides  of  the  low-growing  leaves  more  successfully.  In  general,  the 
control  measures  recommended  for  the  pickle  worm  will  also  help  to  control  this 
species. 

Reference.— N.  C.  Agr.  Exp.  Sta.  Bull.  214,  1911. 

1  Diaphania  hyaliniata  Linne,  Order  Lepidoptera,  Family  Pyralididae. 
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I).  INSECTS  INJURIOUS  TO  POTATOES 

FIELD  KEY  FOR  THE  DETERMINATION  OF  INSECTS  INJURING  THE 

POTATO 

A.  Inst cis  chewing  holes  in  tfic  [cures: 

1.  Very  convex,  nearly  hemispherical  beetles,  about  %  inch  long,  yellow  in  color, 
with  Mack  spots  on  the  prothorax  and  five  black  stripes  on  each  wing  cover;  and 
brick-red,  humpbacked,  Boft-bodied  larvae  of  various  sizes  up  to  %  inch  in  Length, 
with  two  rows  of  black  spots  along  each  side  of  the  body;  cat  the  leaves  and  tender 
shoots.     Colorado  potato  beetle,  page  472. 

2.  Elongate,  nearly  parallel-sided,  not  very  hard,  active,  long-legged  beetles, 
either  black,  or  grayish,  or  black  with  narrow  gray  or  yellow  stripes  or  margins  on  the 
wing  covers,  swarm  upon  the  plants,  devouring  blossoms  and  leaves.  Blister  beetles, 
page  474. 

3.  Very  small,  elongate  oval,  black  beetles  from  Y\^to%  incn  in  length  rest  on  the 
leaves  and  jump  readily  when  disturbed.  Eat  small  rounded  holes  into  the  leaves. 
Leaves  look  as  though  peppered  with  fine  shot.  Very  delicate,  slender,  white  larvae, 
up  to  1 5  inch  long,  with  brown  heads  and  six  very  short  legs  near  the  head,  sometimes 
found  feeding  on  roots  or  tubers.     Flea  beetles,  page  437. 

B.  Insects  sucking  sap  from  leaves  or  stems: 

1.  Small,  very  active,  greenish,  slender,  wedge-shaped,  jumping  bugs,  from  3^ 
inch  down  in  length,  suck  sap  from  under  side  of  leaves,  causing  tips  of  leaves  to  turn 
brown,  followed  by  the  browning  and  curling  of  the  entire  margin,  the  tissue  along  the 
midrib  dying  last  of  all.     Apple  leaf  hopper,  page  475. 

2.  Small,  soft-bodied,  green,  or  sometimes  pink,  aphids,  the  largest  from  ^q  to  }^ 
inch  long,  some  winged  and  others  wingless,  cluster  on  under  side  of  leaves  and  ter- 
minal shoots  causing  them  to  wilt,  curl,  and  die.  Vines  become  covered  with  sticky 
"honey dew."     Potato  aphid,  page  478. 

C.  Insects  boring  in  the  stem  and  leaves: 

1.  Legless  white  grubs,  about  34  inch  long,  with  brown  heads,  bore  up  and  down 
the  stalks,  causing  the  leaves  and  stem  to  wilt  and  die.  Small,  dark  gray,  straight- 
sided,  snout  beetles  about  }i  inch  long,  with  three  small  black  spots  at  the  junction  of 
prothorax  and  wing  covers,  feed  by  gouging  out  slender  deep  holes  in  the  stems. 
Potato  stalk  borer,  page  480. 

2.  Caterpillars,  up  to  1}^  inches  long,  prominently  striped  with  brown  and  white 
in  front  and  behind,  but  with  a  large,  grayish  brown,  "bruised-looking"  area  about 
the  middle,  mine  in  the  leaves  or  burrow  through  the  heart  of  the  stems,  killing  the 
terminals.  Especially  troublesome  around  weedy  margins  of  fields  in  early  summer. 
Stripes  become  fainter  and  disappear  when  caterpillars  are  full  grown.  Common 
stall:  borer,  page  337. 

3.  White  caterpillars,  up  to  ]4,  inch  long,  with  a  pinkish  or  greenish  tinge,  and 
brown  at  each  end,  form  blotch  mines  in  the  leaves  or  bore  through  petioles  and 
terminal  stems,  causing  the  shoots  to  wilt  and  die.     Potato  tuber  moth,  page  481. 

I).   I  a  sects  attacking  the  tubers  underground: 

1.  Tubers  tunneled  with  deep,  more  or  less  cylindrical  burrows,  about  the  diam- 
eter of  a  match,  by  shining,  slick,  reddish-brown,  tough,  six-legged  worms  up  to  \l/2 
inches  long  by  '  s  inch  thick.     Wireworme,  page  432. 

2.  Tubers  gnawed  and  eaten  away  in  irregular,  broad,  scabby  areas  over  the  sur- 
face, by  white,  curved-bodied  grubs  with  reddish-brown  heads  and  six  long  slender 
legs.     White  grubs,  page  133. 

3.  Tubers  in  low  ground  or  when  stored  in  damp  places  occasionally  attacked  by  a 
slender,  white,  black-headed  maggot,  only   >  (]  inch  long  when  full-grown,  that  bores 
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through  the  flesh,  causing  superficial  wounds  that  resemble  potato  scab.     Potato  teab 
gnat,  Pnyxia  aeahiei  Hopk.  (see  Proc,  Entomol.  Soc.  Wash.  Vol.  3,  p,  L52,  Is' 

4.  White  caterpillars  up  to  '•>  inch  long,  with  a  pinkish  or  greenish  tinge,  and 

brown  at    both  ends,   tunnel  through  tubers  in   the  field  or  in  storage.      Potato  tuber 
moth,  page  48 1. 

5.  Yellowish-white,  legless  maggots,  about  '4  inch  long,  burrowing  over  the  surface; 
and  through  the  tubers  of  seed  potatoes.     Seed-corn  maggot,  page  300. 

Colorado  Potato  Beetle1 

The  common  yellow  and  black-striped  " potato  bug"  is  perhaps  the 
best  known  beetle  in  all  America.  When  first  known  to  man,  it  occupied 
t  be  eastern  slopes  of  the  Rocky  Mountains  from  Canada  to  Texas  and  its 
food  was  the  weed  known  as  buffalo  bur  or  sand  bur.2  It  was  described 
and  named  by  Thomas  Say,  one  of  the  earliest  American  entomologist- 
explorers,  in  1824,  and  for  30  years  longer  it  continued  to  live  as  an 
obscure  beetle  of  no  importance  to  man.  The  pioneer  settlers,  pushing 
westward  across  the  continent,  finally  brought  to  this  insect  a  new 
food,  the  potato.  The  insect  soon  largely  deserted  the  weeds  for  the 
cultivated  plant  and  began  spreading  eastward  from  potato  patch  to 
potato  patch,  often  destroying  the  entire  crop  wherever  it  appeared.  It 
was  recorded  in  Nebraska  in  1859,  in  Illinois  in  1864,  in  Ohio  in  1869,  and 
reached  the  Atlantic  coast  in  1874.  Its  average  annual  spread,  was 
about  85  miles  a  year.  Nothing  was  known  about  spraying  in  those 
days,  and  the  insect  multiplied  and  spread  almost  unchecked  until  about 
1865,  when  it  was  discovered  that  Paris  green  could  be  used  to  poison  it. 

Importance  and  Type  of  Injury. — Both  the  yellow  and  black-striped, 
hard-shelled  beetles  and  their  brick-red,  black-spotted,  soft-skinned 
young  or  larvae  feed  by  chewing  the  leaves  and  terminal  growth  of  the 
potato.  Unless  killed  by  stomach  poisons,  they  soon  devour  so  much 
of  the  vines  that  the  plants  die  and  the  development  of  tubers  is  prevented 
or  the  yield  greatly  reduced. 

Distribution. — Throughout  the  United  States  except  parts  of  Florida, 
Nevada,  California,  and  Canada. 

Plants  Attacked. — Potato  is  the  favorite  food.  When  this  cannot  be 
found,  the  insect  may  survive  on  tomato,  eggplant,  tobacco,  pepper, 
ground  cherry,  thorn  apple,  Jimson  weed,  henbane,  horse  nettle,  bella- 
donna, petunia,  cabbage,  thistle,  mullein,  and  perhaps  other  plants.  It 
is  a  pest  chiefly  of  potato. 

Life  History,  Appearance,  and  Habits. — The  adult  stage  goes  through 
the  winter  buried  in  the  soil  to  a  depth  of  several  inches,  seldom  more 
than  8  or  10.  This  is  the  only  stage  that  survives  the  winter.  The 
beetles  come  out  of  the  ground  in  spring  in  time  to  meet  the  first  shoots 

1  LepHnotarsa  decemlineata  (Say),  Order  Ooleoptera,  Family  Ohrysomeliihe. 

2  Sola  n  u  m  rostrat  um . 
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of  volunteer  or  early-plant ed  potatoes.  These  adults  (Fig.  307,  a)  are 
familiar  to  nearly  everyone,  and  may  be  recognized  by  the  alternate 

black  and  yellow  stripes  that  run  lengthwise  of  the  wing  covers,  five  of 
each  color  on  each  wing  cover.  They  are  about  %  inch  long  by  Y\  inch 
wide  and  very  convex  above.  The  orange-yellow  eggs  are  deposited  on 
the  under  side  of  the  leaves,  in  close-standing  groups  averaging  a  couple 
of  dozen  each.  A  number  of  batches  of  eggs  are  matured  by  each 
female  until  an  average  of  about  500  are  deposited  in  the  course  of  4  or 
5  weeks.  The  overwintering  adults  then  die,  and  about  a  week  after 
the  eggs  were  laid,  small,  humpbacked,  reddish,  chewing  larvae  hatch, 
and  Likewise  attack  the  leaves.  They  grow  very  fast,  passing  through  four 
instars,  similar  except  for  size.  The  largest  (Fig.  307,  b)  are  a  little 
more  than  J^  inch  long,  the  back  arched  in  almost  a  semicircle,  with  a 


b  y  a  c 

Fig.  307. — Colorado  potato  beetle,  Lcptinotarsa  dccrmlincata  Say:  a,  adult,  b,  larva  or 
shin,  side  view;  c,  pupa;  about  twice  natural  size.  (From  U.  S.  D.  A.  Farmers'  Bull. 
1349.) 

swollen  head  and  two  rows  of  black  spots  on  each  side  of  the  body. 
They  usually  feed  in  groups,  completely  consuming  the  leaves.  These 
slug-like,  reddish  larvae  are  frequently  supposed  to  be  a  different  kind 
of  potato  pest  from  their  parents. 

If  the  full-grown  larvae  are  watched,  however,  they  will  be  found  to 
descend  into  the  soil,  make  a  spherical  cell  and  transform  to  a  yellowish, 
motionless,  pupa  stage  (c)  which  lasts  5  to  10  days.  Then  the  adult 
beetles  appear  from  the  pupae,  crawl  up  out  of  the  ground  and,  after 
feeding  for  some  days,  may  lay  eggs  for  a  second  generation.  Two 
generations  appear  to  be  the  rule,  although  there  may  be  only  one  in 
the  North  and  there  is  a  partial  third  in  the  more  southern  part  of 
their  range. 

Control  Measures. — Both  adults  and  larvae  are  easily  controlled  by 
thorough  spraying  or  dusting  with  any  good  stomach  poison,  as  arsenate 
of  lead,  arsenate  of  calcium,  or  even  Paris  green  and  lime.  These 
treatments  should  be  made  at  any  time  that  beetles  or  larvae  appear  on 
the  vines.  Arsenate  of  lead  at  a  strength  of  2  pounds  to  50  gallons  of 
spray,  and  applied  at  the  rate  of  100  gallons  per  acre  for  good-sized 
vines,  is  a  standard  spray  for  these  insects.  All  parts  of  the  vines  must 
be   covered   with    the   spray.      When    potatoes   are   being  sprayed   with 
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Bordeaux  mixture  for  flea  beetles,  Leafhoppers,  or  potato  blights,  the 
arsenical  may  be  added  to  the  Bordeaux  when  needed  to  destroy  the 
"bugs,"  thus  saving  the  expense  of  a  separate  application.  For  small 
patches  of  potatoes,  arsenate  of  Lead  or  arsenate  of  calcium  may  be 
dusted  lightly  over  the  foliage  from  an  open-meshed  bag  or  sifter  can 
or  hand  duster. 

References. — Iowa  Agr.  Exp.  Sta.  Bull.  155,  1015;  U.  S.  Bur.  Entomol.  Circ.  87, 
1907;  Jour.  Agr.  Research,  Vol.  5,  pp.  917-925,  1916. 


Blister  Beetles1 

Importance  and  Type  of  Injury. — Older  people  often  call  these  "old  fashioned 
potato  bugs,"  because  they  were  much  more  noticeable  on  potato  before  the  Colorado 

potato  beetle  invaded  the  central  and  eastern  states.  They 
are  slender  beetles,  about  four  times  as  long  as  wide,  rather 
soft,  with  the  head  distinctly  set  off  from  the  wing  covers 
(Fig.  308),  and  black,  or  grayish-colored,  or  black  with  nar- 
row yellowish  or  gray  stripes  or  margins  on  the  wings. 
Only  the  adults  feed  on  foliage,  but  they  are  very  ravenous 
and  may  destroy  many  plants. 

Plants  Attacked. — The  several  species  of  blister  beetles 
attack  potato,  tomato,  egg  plant,  sweet  potato,  bean,  pea, 
soybean,  cowpea,  melon,  pumpkin,  onion,  spinach,  beet, 
carrot,  radish,  cabbage,  corn,  oats,  barley,  clover,  cotton, 
clematis,  aster,  chrysanthemum,  zinnia,  and  other  crops,  and 
weeds. 

Distribution. — Blister  beetles  will  be  found  in  all  parts  of 
the  United  States  and  Southern  Canada. 

Life  History,  Appearance,  and  Habits. — The  life  cycles  of 
only  a  few  American  species  have  been  worked  out.  That 
of  the  striped  blister  beetle2  is  briefly  as  follows :  The  insect 
winters  as  a  full-fed,  but  not  fully  transformed,  larva,  known 
as  a  pseudopupa  (Fig.  309,  g~),  in  an  earthen  cell  in  the  soil.  It  is  about  %  inch  long, 
yellow,  tough-skinned,  and  with  much  reduced  legs  and  mouth  parts.  According  to 
Crosby  and  Leonard,  it  may  pass  through  several  years  in  this  condition,  but  usually  in 
the  spring  it  molts,  acquiring  functional  legs  and  moving  about  a  while  before  it  pup- 
ates. The  true  pupa  stage  lasts  about  2  weeks,  and  then  the  adults  come  out  suddenly 
in  great  numbers  in  June  and  July.  They  are  very  restless,  active  beetles  that  tend  to 
feed  together  in  swarms.  Their  bodies  contain  an  oil  known  as  cantharidin,  which  will 
blister  the  tender  skin  if  the  beetles  are  crushed  on  it  (see  p.  45).  The  females  lay 
their  eggs  in  clusters  of  100,  more  or  less,  in  holes  that  they  make  in  the  soil.  The  eggs 
are  elongate,  cylindrical,  yellow  objects  which  hatch  in  10  days  to  3  weeks  to  very 
active,  strong-jawed  little  larvae  (c)  that  burrow  through  the  soil  until  they  find  an  egg 
mass  of  a  grasshopper.  They  gnaw  into  the  egg  pod  and  begin  eating  the  eggs.  Dur- 
ing the  next  4  or  5  weeks,  the  larva  molts  four  times,  undergoing  a  remarkable  series 
of  changes  in  form  and  appearance  known  as  a  hypermetamorphosis,  during  which  its 
legs,  mouth  parts,  and  other  appendages  become  progressively  smaller  and  smaller 
(Fig.   309,   c,   d,  /,  g),  until   it  reaches  the  pseudopupa  stage,  already  described,  in 

1  Epicautn   rittata  Fabricius,   E.  pennsylvanica  De  Geer  and  other  species,  Order 
Coleoptera,  Family  Meloidae. 

-Epicauta  vittata  Fabricius. 


Fig.  308.— The  black 
blister  beetle,  Epicauta 
pennsylvanica  De  Geer. 
Line  indicates  natural 
size.      (From  Bruner.) 
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wlinli  ii  winters.  This  species  apparently  has  one  generation  or  less  ;i  year.  Some 
other  species  appear  to  have  two  generations  8  year.  Several  of  them  are  known  to 
Feed  as  larva  In  the  egg  capsules  of  grasshoppers.  So  we  have  come  to  believe  that 
the  larva  of  Mister  beetles  are  very  beneficial,  although  the  adults  may  be  very 

injurious.  In  Europe,  some  species  feed  in  the  nests  of  solitary  bees,  eating  tlie  e^gs 
and  honey.      More  work  upon  the  life  cycles  of  our  species  is  much  needed. 

Control  Measures.  Blister  beetles  are  hard  to  control  because  they  are  very  active 
and  an-  repelled  by,  or  resistant  to,  arscnicals.  Dusting  with  sodium  fluosilicnte  has 
given  izihh\  control  of  certain  species  of  blister  beetles.  A  strong  application  of  this 
material  or  of  arsenate  of  calcium  or  arsenate  of  load  using  1  ounce  to  each  gallon  of 
water  should  be  made  at  the  first  appearance  of  the  beetles.  The  arsenical  may  be 
combined  with  Bordeaux  mixture,  which  is  very  rcpellant  to  the  beetles,  and  Bordeaux 


/ 
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Fig.  309. — Life  stages  of  the  striped  blister  beetle,  Epicauta  vittata  Fabricius.  a, 
adult;  b,  eggs,  c,  first  larval  stage  (triungulin) ;  d,  second  (caraboid)  stage;  e,  same  as/,  as 
doubled  up  in  pod;  /,  third  (scarabceoid)  stage;  g,  pseudopupa  or  coarctate  larval  stage. 
All  but  e  enlarged.  (Reprinted  from  "Insect  Pests  of  Farm,  Garden,  and  Orchard'''  by  Sander- 
son &  Pcairs,  published  by  John  Wiley  &  Sons,  Inc.,  after  U.  S.  D.  A.) 


used  alone  will  give  fair  protection  to  the  vines.  Plants  that  will  not  stand  a  heavy 
application  of  arsenicals  may  be  protected  by  knocking  the  beetles  off  into  pans  of 
kerosene,  or  if  very  valuable  the  plants  may  be  covered  with  mosquito  netting. 

References. — Iowa  Agr.   Exp.   Sta.   Bull.    155,   pp.   377-380,    1915;   Crosby   and 
Leonard,  ''Manual  of  Vegetable-garden  Insects,"  pp.  302-312,  1918. 


Apple  Leafhopper1 

Importance  and  Type  of  Injury. — In  recent  years  this  little,  wedge- 
shaped,  green  leafhopper,  only  J£  inch  long,  has  been  recognized  as  the 
most  serious  insect  enemy  of  potatoes,  at  least  throughout  the  North 
Central  States.  The  insects  feed  on  the  under  side  of  the  leaves,  sucking 
out  the  sap  and,  in  some  manner  not  fully  explained,  cause  the  trouble 
known  as  tipburn  or  hopper  burn  (Fig.  310).  It  appears  that  only  this 
species  of  leafhopper  produces  hopper  burn  and  it  causes  it  on  several 
kinds  of  plants.  The  first  symptom  of  this  trouble  is  the  appearance  of 
a  triangular  brown  spot  at  the  tip  of  the  leaf.  Similar  triangles  may 
appear  at  the  end  of  each  lateral  veinlet,  or  the  entire  margin  may  roll 
upwards  and  turn  brown  at  one  time,  as  though  scorched  by  fire  or 

1  Empoasca  faba  Harris,  Order  Homoptera,  Family  Cicadellid;e. 
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drought.  These  brown  margins  increase  in  width  until  only  a  narrow 
strip  of  the  leaf  along  the  midrib  remains  green,  the  rest  shriveled  and 

dead.  Older  leaves  below  the  growing  tip-  usually  burn  first  but  in 
cases  of  heavy  infestations  every  leaf  rapidly  succumbs  and  the  vines  die 
long  before  the  normal  development  of  the  tubers  has  been  completed, 
thus  greatly  cutting  the  yield.  Many  other  agencies  cause  a  browning 
of  the  leaf  area  of  potatoes  but  the  typical  relation  of  the  spots  to  the 
veins,  just  described,  is  characteristic  of  this  particular  trouble.  The 
diagnosis   may   be   confirmed   by  finding  the  leafhoppers  on  the  under 


Fig.  310. —  Work  of   the  apple  leafhopper,  showing  typical  hopperburn  at  left,  compared 
with  a  normal  leaf  at  right.      (From  Parrot.) 


side  of  the  leaf.  Hartzell1  estimates  that  the  number  of  hoppers  to  an 
acre  of  potatoes  may  run  between  five  and  six  millions. 

Plants  Attacked. — For  many  years  this  insect  has  been  known  as  the 
apple  leaf  hopper  because  its  most  extensive  known  injury  was  to  apple 
nursery  stock.  It  also  feeds  on  beans,  potatoes,  eggplant,  tomatoes, 
rhubarb,  soybeans,  clover,  alfalfa,  raspberry,  dahlia,  box  elder,  Carolina 
poplar,  curly  dock,  pigweed,  broad-leaf  plantain,  sumac,  and  dandelion. 

Distribution. — Early  varieties  of  potatoes  are  generally  more  damaged 
than  late  ones.  Irish  Cobbler  and  Green  Mountain  varieties  are  some- 
what resistant;  while  Early  Triumph,  Early  Ohio,  Rural  New  Yorker,  and 
Sir  Walter  Raleigh  are  more  seriously  damaged. 

Life  History,  Appearance,  and  Habits. — The  apple  leafhoppers  winter 
in  the  adult  condition  under  leaves,  trash,  dense  grass,  weeds,  and  the 
like.  They  are,  in  this  condition,  about  }£  inch  long,  by  one-fourth  as 
broad,  of  a  general  greenish  color  and  somewhat  wedge-shaped  (Fig.  311). 

1  In  Jour.  Econ.  Entomol,  Vol.  14,  No.  1,  pp.  62-68,  February,  1921. 
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They  arc  broadest  at  tho  head  end,  which  is  rounded  in  outline,  and  taper 
evenly  to  the  tips  of  the  wings.     There  are  a  number  of  faint  white 

spots  on   the   head   and   thorax,   and   one  of  the  characteristic   marks  of 

this  species  is  a  row  of  six  rounded  white  spots  along  the  anterior  margin 
of  the  prothorax,  which  can  be  Been  with  a  hand  lens.  The  hind  legs 
are  long,  and  enable  the  insect  to  jump  a  considerable  distance. 

The  females  become  active  in  April  and  feed  until  June  on  bush 
beans,  grasses,  young  apple  trees,  and  curly  dock  and  other  weeds. 
During  June  a  spring  flight  takes  place  to 
early  potatoes.  The  males  and  unmated 
females  come  out  of  hibernation  at  this  time 
and  join  the  earlier  females  on  the  potato 
plants.  During  the  next  month  or  6  weeks, 
the  females  lay  their  eggs,  one  to  five  a  day, 
mostly  at  night,  thrusting  them  into  the  tis- 
sues of  stems  and  midribs  of  the  leaves,  where 
they  are  practically  invisible,  being  very 
slender,  curved,  whitish  objects  only  ^4  inch 
long.  The  egg  stage  lasts  from  1  to  2  weeks, 
depending  on  the  temperature.  The  nymphs 
that  hatch  out  are  similar  in  shape  to  the 
adults,  but  lack  the  wings  and  are  very  small 
and  pale  colored  so  they  are  really  hard  to  see 
on  a  leaf.  They  usually  complete  their  growth 
on  the  leaf  where  they  hatched,  feeding  from 
the  underside  and  increasing  in  size,  greenness, 
and  activity  as  they  shed  their  skins,  and  at 
the  fifth  molt  appearing  as  adults.  They  do 
not  jump  readily  but  usually  run  sidewise  over 
the  edge  of  the  leaf  to  get  away.  They  may 
complete  their  growth  in  from  1  to  4  weeks, 

varying  with  the  temperature.  Nymphs  are  most  abundant  on  early 
potatoes  in  late  June  and  July,  but  some  do  not  mature  until  late  in 
August.  The  earlier  adults  of  the  new  generation  carry  on  during  July 
a  general  migration  from  the  dying  vines  of  early  potatoes  to  the  fresh 
ones  of  late  potatoes,  mating  and  producing  a  second  generation  of 
nymphs  during  August  and  September,  which  cause  the  burning  of  late 
potatoes.  DeLong  reports  partial  third  and  fourth  generations  in  Ohio. 
The  first  frosts  appear  to  kill  any  nymphs  still  present,  and  the  adults, 
when  potato  vines  die,  fly  to  various  plants  not  killed  by  the  cold,  such 
as  curly  dock  and  rhubarb  and  feed  until  the  death  of  these  plants  forces 
them  into  hibernation. 

Control  Measures, — Fortunately  Bordeaux  mixture,  which  is  the  most 
important  potato  spray  for  fungus  diseases,  is  an  effective  repellent  for 


Fig.  311. — Adult  of  the  apple 
leaf  hopper,  E  mpoas  ca  fabec 
Harris,  greatly  enlarged.  Line 
at  left  indicates  natural  size. 
(From  III.  State  Nat.  Hist.  Sur.) 
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leafhoppers,  preventing  egg  laying,  and  also  killing  Bome  of  the  younger 

hoppers.  It  should  be  applied  afl  soon  as  the  plants  are  4  to  S  inches  high 
and  at  1-week  or  10-day  intervals  as  long  as  the  vines  can  be  kept  green. 
This  usually  requires  four  or  five  sprayings.  A  4-0-50  home-made  Bor- 
deaux is  recommended.  See  page  200  for  directions  to  make  Bordeaux. 
Two  years'  results  in  Ohio,  with  practically  no  other  potato  troubles 
present,  gave  an  average  increased  yield  for  the  spraying  of  31  bushels 
per  acre  and  a  net  gain  of  $30  per  acre.1  Experience  in  several  states  indi- 
cates that  where  potatoes  are  properly  sprayedfor  protection  from  this  leaf- 
hopper  the  yield  has  been  increased  on  the  average  about  one-third.  On 
the  average,  the  total  cost  of  sufficient  sprays  to  control  this  insect  would 
be  from  $8  to  $10  per  acre.  DeLong  found  oleoresin  of  pyrethrum  extract, 
1  to  300  in  water,  or  more  dilute  with  miscible  oils,  an  effective  spray  on 
beans.  Dusting  with  commercial  copper  dusts  is  nearly  as  effective  as 
spraying. 

References.— Wis.  Agr.  Exp.  Sta.  Bull.  334,  1921;  U.  S.  Dept.  Agr.  Farmers'  Bull. 
1 125,  1921;  Ioiva  Agr.  Exp.  Sta.  Circ.  77,  1922;  Jour.  Econ.  Entomol.  Vol.  14,  pp.  62-68, 
1921;  and  Vol.  21,  p.  183,  1928;  Wis.  Agr.  Exp.  Sta.  Res.  Bull.  82,  1928. 

Potato  Aphid2 

Importance  and  Type  of  Injury. — The  epidemics  of  this  insect  are 
extremely  sporadic.  Severe  outbreaks  (Fig.  312)  result  in  the  complete 
browning  and  killing  of  the  vines  of  the  potato  by  curling  and  distorting 
the  leaves  from  the  top  of  the  plant  downward.  On  tomato,  the  most 
noticeable  injury  is  the  devitalizing  of  the  blossom  clusters  so  that  the 
blossoms  fall  and  no  tomatoes  set.  Green  or  pinkish,  winged  or  wingless 
aphids  cluster  in  shaded  places  on  the  leaves,  stems,  and  blossoms 
Winged  migrants  spread  from  field  to  field,  so  that  the  epidemic  may 
sweep  over  a  district  in  an  alarming  manner.  Following  such  an  out- 
break, the  insect  may  not  visit  a  community  in  conspicuous  numbers  again 
for  many  years.  In  all  probability  the  transmission  of  tomato  and  potato 
diseases,  such  as  mosaics,  leaf  roll,  and  spindling  tuber,  by  the  feeding  of 
these  aphids,  causes  more  injury  to  the  plants  than  sucking  the  sap. 

Plants  Attacked. — Potato,  tomato,  eggplant,  pepper,  ground  cherry, 
sunflower,  pea,  bean,  apple,  turnip,  buckwheat,  aster,  gladiolus,  iris,  corn, 
sweet  potato,  ragweed,  lamb's  quarters,  shepherd's  purse,  and  many  other 
weeds  and  crops. 

Distribution. — Maine  to  California  and  Florida  to  Canada;  probably 
in  every  state. 

Life  History,  Appearance,  and  Habits. — The  winter  eggs  (see  p.  442) 
are  deposited  chiefly  on  rose,  and  the  aphids  may  be  found  regularly  on 

1  Ohio  Agr.  Exp.  Sta.  Bull.  368,  June,  1923. 

2  Illinoia  solanifolii  (Ashmead),  Order  Homoptera,  Family  Aphididse. 
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the  succulent  parts  of  rose  bushes  in  the  spring.  During  the  first  half  of 
July,  in  Maine,  winged  aphids  develop,  thai  fly  to  potato,  and  some  of 

the  others  crawl  to  their  summer  host.  A  generation  may  be  developed 
on  potato  every  2  or  3  weeks,  and  each  unmated  female  may  give  birth 
U)  50  or  more  active  nymphs  within  two  weeks  time.  Thus  the  vines 
rapidly  become  covered  with  aphids,  which  blight  the  stems  and  wither 
the  leaves.  On  a  single  large  tomato  plant,  24,688  aphids  have  been 
counted.  By  the  middle  of  September,  in  Maine,  and  usually  by  early 
October,  in  Ohio,  the  aphids  have  all  deserted  potatoes  and  dispersed  to 


Fig.  312. — A  field  of  potatoes  killed  bv  the  potato  aphid.      {From  Ohio  Agr.  Exp.  Sta. 

Bull.  317.) 


other  plants,  of  which  the  rose  is  the  favorite.  Here  wingless,  egg-laying 
females  develop  as  the  last  generation  of  the  season,  and,  after  mating 
with  males  that  fly  over  from  the  summer  host  plants,  the  winter  eggs  are 
laid  on  stems  and  leaves  of  the  rose. 

The  potato  aphid  when  full-grown  is  nearly  %  inch  long,  of  a  clear 
<in  or  pink,  glistening  color  and  with  long  slender  cornicles  (see  Fig. 
G3,  B).  The  wingless  ones  tend  to  drop  from  the  plant  when  disturbed. 
Control  Measures. — Nicotine  sulphate  1  part  to  500  parts  of  soapy 
water,  thoroughly  applied  from  one  to  three  times,  at  intervals  of  2  or  3 
days,  will  control  the  severest  outbreaks.  Nicotine  dusts  may  also  be 
used  (see  p.  241).  Because  of  the  many  host  plants  on  which  this  aphid 
may  develop,  clean  cultivation  in  the  truck  patch  is  important  in  pre- 
venting outbreaks.     If  rose  bushes  are  permitted  to  grow  in  abundance 
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near  potato  fields,  they  afford  a  place  for  an  abundance  of  overwintering 
eggs. 

Rqfertneea. — Me.  Agr.  Exp.  Sta.  Hull.  242,  1915,  and  323,  1925;  Ohio  Agr.  Exp.  Sta. 
Ball.  317,  1917. 

Potato  Stalk  Bokeh1 

Importance  and  Type  of  Injury. — In  some  sections,  this  stalk  borer  is  abundant 
enough  ill  certain  years  to  destroy  entire  fields  of  potatoes.  Throughout  much  of  its 
range  it  is  of  little  importance.  Chief  injury  is  due  to  the  larva-  eating  out  the 
interior  of  the  stalks,  causing  the  entire  plant  to  wilt  and  die.  The  adults  eat  slender, 
deep  holes  in  the  Btems. 

Plants  Attacked. — Potato,  eggplant,  and  related  weeds,  such  as  Jimson  weed,  hone 
nettle,  and  ground  cherry.      Most  injurious  to  early  potatoes. 

Distribution. — Over  the  United  States,  except  the  northernmost  states. 

Life  History,  Appearance,  and  Habits. — The  insect  goes  through  the  winter  in  or 
among  the  old  vines  in  the  adult  stage.     These  adults  are  blackish  snout  beetles, 


Fig.  313.- — Potato  stalk  borer;  larva,  adult,  and  pupa;  the  lines  show  natural  size- 
(Reprinted  from  " Insect  Pests  of  Farm,  Harden  and  Orchard"  by  Sanderson  and  Peairs, 
published  by  John  Wiley  &  Sons,  Inc.,  after  J .  B.  Smith.) 

about  }£  inch  long,  covered  with  flattened  gray  hairs  or  scales  that  give  them  a 
frosted  appearance.  There  are  three  distinct  black  dots  at  the  base  of  the  wing 
covers  (Fig.  313).  In  late  spring  they  emerge  and  feed  by  eating  deep  holes  in  the 
stems  of  the  new  plants.  The  eggs  are  placed  singly  in  similar  cavities  in  the  stem  or 
leaf  petioles,  and  hatch  in  a  week  or  10  days.  The  larva?  eat  up  and  down  in  the  stems, 
completely  hollowing  them  out  for  several  inches.  They  are  yellowish-white,  legless, 
wrinkled  grubs  with  brownish  heads,  and  range  up  to  about  }i  inch  long  (Fig.  313). 
Before  pupating,  the  larva  packs  its  burrow  with  excelsior-like  scrapings  from  the 
stem  and  chews  an  exit  hole  nearly  through  the  stem  for  the  escape  of  the  adult.  A 
week  or  two  later  the  pupa)  transform  to  adults  which  may  be  found  in  the  stalks,  fro 
late  July  on  in  the  northern  states.  They  do  not  come  out  of  the  larval  burrows  unti 
the  following  spring  unless  the  stalks  are  broken  open. 

Control  Measures. — The  only  practical  control  is  to  collect  and  burn  all  potah 
vines  in  infested  fields,  as  soon  as  the  crop  is  harvested.     As  with  most  potato  insects, 

1  Trichobaris  trinotata  (Say),  Order  Coleoptera,  Family  Curculionidae. 
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(Ik1  destruction  of  Jimson  weed,  horse  nettle,  and  ground  cherry  will  help  to  keep  down 
I  heir  numbers. 

References.  -  U.  8.  Dept.  Agr.  Bur.  Entotnol.  Bull.  33,  LQ02;  Kan,    \</r.  J'Jxp.  Sta, 
Hull.  82,  1889. 


Potato  Tuber  Moth1 

Importance  and  Type  of  Injury. — The  tubers  of  potatoes  in  the  field 
and  in  storage  are  riddled  with  slender,  dirty-looking,  silk-lined  burrows 
of  pinkish-white  caterpillars  (Fig.  314).  The  caterpillars  are  from  %  inch 
downward  in  length,  with  dark-brown  heads.     Some  of  them  burrow  in 


Fig.    314. — Potato  cut  open  to  show  injury  by  larvae  of  potato  tuber  moth,  Phthorimceu 
operculella  Zeller.      (From  U.  S.  D.  A.  Dept.  Bull.  427.) 

the  stems  and  petioles  or  mine  in  the  leaves.  When  working  on  tobacco, 
the  insect  is  known  as  the  split  worm.  Their  brown  blotches,  between  the 
upper  and  lower  epidermis  of  tobacco  leaves,  make  the  leaves  unfit  for 
wrappers.  It  is  very  destructive  to  potatoes  in  warm,  dry  regions  where 
it  occurs. 

Plants  Attacked. — Potato,  tobacco,  tomato,  eggplant,  and  weeds  of  the 
same  family. 

Distribution. — Southern  United  States  from  California  to  Florida  and 
northward  to  Washington,  Colorado,  Virginia,  and  Maryland. 

Life  History,  Appearance,  and  Habits. — In  storage,  the  insect  may 
continue  to  reproduce  as  long  as  the  potatoes  contain  enough  food  to 

1  Phthorimcca  opcrcullella  Zeller,  Order  Lepidoptera,  Family  Geleehiidrc. 
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mature  the  larva*.  The  moths  escape  from  storehouses  in  early  spring, 
or  winter  in  sheltered  culls  out-of-doors.     They  lay  eggs,  one  in  a  place, 

chiefly  on  the  underside  of  the  leaves.  Most  of  t  he  larva-  first  produce 
blotch  mines  on  the  leaves  but  subsequently  work  down  into  the  stems. 
They  become  mature  in  2  or  3  weeks,  pupate  in  a  grayish,  silken,  dirt- 
covered  cocoon,  about  l4  inch  in  length,  entangled  in  the  dead  leaves  or 
among  trash  on  the  ground,  and  emerge  as  adults  in  a  week  or  10  days. 
The  adults  are  very  small,  narrow-winged  moths,  3^  inch  from  tip  to  tip 
of  the  wings,  and  grayish  brown,  mottled  with  darker  brown.  An  entire 
generation  may  develop  in  a  month  of  warm  weather,  and  five  or  six  in  a 
year.  The  later  generations  infest  the  tubers  in  the  field  by  working 
down  through  cracks  in  the  soil  to  lay  eggs  upon  them,  or  the  larvae  may 
migrate  from  the  stems  to  the  tubers,  or,  especially  at  digging  time,  the 
eggs  may  be  laid  upon  the  exposed  tubers.  The  caterpillars  at  first  work 
just  under  the  skin  of  the  potato  but  later  tunnel  through  the  flesh. 
Before  pupating,  they  come  out  of  the  potatoes  and  spin  up  among  them 
or  in  cracks  about  the  storehouse. 

Control  Measures. — Potatoes  should  be  deeply  hilled  so  the  tubers  are 
not  exposed  during  their  development.  At  digging  time,  they  should 
not  be  left  exposed  to  the  egg-laying  moths  during  late  afternoon  or  over 
night.  Infested  vines  should  not  be  piled  over  the  potatoes,  for  the 
caterpillars  will  leave  the  wilting  vines  and  mine  into  the  tubers.  Tubers 
infested  in  storage  may  be  saved  by  fumigating  with  carbon  bisulfide 
(see  p.  258),  when  the  temperature  is  above  65°  F.,  using  5  pounds  to 
each  1,000  cubic  feet  of  space,  for  48  hours.  Several  fumigations  are 
generally  required  to  give  effective  control. 

References. — U.  S.  Dept.  Agr.  Dept.  Bull.  427,  1917;  Virginia  Truck  Exp.  Sta.  Bull. 
61,  1927. 

E.  INSECTS  INJURIOUS  TO  SWEET  POTATOES 

FIELD   KEY  FOR   THE   IDENTIFICATION   OF  INSECTS   INJURING   SWEET 

POTATOES 

A.  Insects  chewing  holes  in  the  leaves  or  vines: 

1.  Oval  beetles,  about  >4  inch  long,  that  look  like  a  drop  of  molten  gold  when  alive, 
nearly  hemispherical,  with  the  margins  of  the  body  extended  so  as  to  hide  the  head  and 
most  of  the  legs;  and  elongate  oval,  brown  larvse,  up  to  %  inch  long,  the  margin  of 
their  bodies  surrounded  by  about  30  thorny  spines,  but  their  backs  completely 
covered  with  a  dirty  mass  of  excrement  and  shed  skins  that  conceal  the  body;  eat 
rounded  holes  in  the  leaves  or  devour  them  completely.  Golden  sweet-potato  beetle, 
page  483 

2.  Similar  to  A  1,  but  the  beetle  is  dull  yellow  in  color,  with  five  longitudinal 
black  stripes  on  the  wing  covers.  The  larva  with  shorter  marginal  spines  and  yellow- 
ish white  in  color  with  a  median  gray  line.  A  thick  tail-like  projection,  carried  at  an 
angle  of  45  degrees  from  the  leaf,  bears  the  shed  skins,  but  no  excrement.  Striped 
sweet-potato  beetle,  page  483. 
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3.  Similar  to  A  l,  bill  "  i  c>  inch  l^ng,  golden  yellow,  with  three  small  black  spots 
on  each  wing  cover,  arranged  in  ;i  triangle.  The  larva  straw-yellow  with  two  dark 
Bpots  behind  the  head;  the  marginal  spines  not  very  long,  Muck  .-it  their  tips;  the  back 
covered  with  excremenl  carried  on  two  Long  spines  and  drawn  out  sideways  into  long 
shreds.     Black-legged  aweet-potdto  l><<il< ,  page  1S3. 

l.  Hectic  similar  to  the  above,  golden  around  the  margin,  the  disc  mottled  with 
black  and  yellow,  the  black  extending  out  as  ;i  slender  tooth  to  each  shoulder.     The 

larva  is  dull  green,  bluish  along  the  back,  and  covered  with  broad  branching  masses 
of  excremenl  supported  on  the  anal  spines.     Mottled  sweet-potato  beetle,  page  483. 

5.  Beetle  larger  than  the  above,  '  £  inch  long,  yellow  to  brick  red  in  color,  with  15  to 
'JO  small  rounded  black  spots  on  the  forward  two-thirds  of  the  baek;  very  eonvex,  and 
the  margins  of  the  body  not  extended.  Larva  light  yellow,  with  many  small  brown 
spots,  !  •_>  inch  long;  marginal  spines  long,  black-tipped.  An  irregular  mass  of  excre- 
ment held  slanting  back  from  the  body  or  vertically  over  it.  Argus  tortoise  beetle, 
page  484. 

6.  Very  small,  black,  jumping  beetles  only  Y\^>  inch  long,  with  a  bronzy  reflection, 
eat  long  narrow  channels  in  the  leaves,  especially  on  the  upper  surface,  parallel  with 
the  veins,  during  May  and  early  June.     Sweet-potato  flea  beetle,  page  485. 

7.  Holes  eaten  in  leaves  or  leaves  skeltonized  by  bluish-green  caterpillars  with 
yellow  heads,  up  to  1  inch  in  length,  which  feed  inside  of  folded  leaves  held  together  by 
silk.  Injurious  in  the  Gulf  States.  Sweet-potato  leaf  roller,  Pilocrocis  tripunctata 
Fabricius  (see  U.  S.  Dept.  Agr.  Dept.  Bull.  609,  1917). 

8.  Leaves  and  vines  eaten  by  shiny,  slender,  ant-like  snout  beetles,  }-i  inch  long, 
with  blue-black  head,  wing  covers,  and  abdomen,  but  the  middle  region  of  the  body 
and  the  legs  bright  red  (see  also  C  1,  below).     Sweet-potato  weevil,  page  480. 

9.  Plants,  or  separate  leaves,  cut  off  and  the  heart  of  the  plant  eaten  out  during  the 
night.  Plump,  greenish-gray  or  blackish,  more  or  less  mottled  or  striped  caterpillars 
found  during  the  day  just  below  the  surface  of  the  soil.     Cutworms,  page  434. 

B.  Insects  sucking  sap  from  the  plants: 

1.  Greenish,  motionless,  oval,  flat  nymphs  with  white  waxy  spines  radiating  from 
their  bodies,  the  largest  only  3-1 6  incn  long,  suck  sap  from  the  underside  of  the  leaves. 
The  small  but  conspicuous  four-winged  white  bugs,  like  tiny  moths,  fly  up  when  the 
plants  are  disturbed.  Sweet-potato  whitefly,  Bemisia  inconspicua  Quaint ance  (see 
Fla,  Agr.  Exp.  Sta.  Bull.  134,  1917). 

C.  Insects  burrowing  in  the  tubers  in  the  field  or  in  storage: 

1.  Legless,  white,  fat  grubs  with  pale-brown  heads,  up  to  %  inch  long,  make 
winding,  excrement-filled  tunnels  through  the  tubers,  causing  them  to  decay  and 
become  bitter  and  unfit  for  use.  The  red-and-blue  adult  beetles  also  found  in  the 
tunnels  (see  also  A,  8,  above).     Sweet-potato  weevil,  page  486. 


Sweet-potato  or  Tortoise  Beetles,  or  "Gold  Bugs"1 

Importance  and  Type  of  Injury. — The  foliage  of  sweet  potatoes  is 
very  commonly  cut  full  of  holes,  or  entire  leaves  may  be  eaten  by  beautiful 
oval  beetles  a  little  squared  at  the  shoulders,  of  a  golden  color,  sometimes 
with  black  stripes  or  spots,  and  about  Ji  inch  long.  Similar  injury  is 
performed  by  the  spiny,  dirt-laden  larvae  found  on  the  under  side  of  the 
leaves.     When  they  attack  newly-set  plants  the  injury  may  be  severe. 

1  Order  Coleoptera,  Family  Chrysomeli(he. 


Isl 


DESTRl  'in   /■;  AND  USEFUL  INSECTS 


Plants  Attacked,    These  beetles  restrict  their  feeding  largely  t(>  the 

plants  of  a  single  family,  the  morning  glory  family,  of  which  the  bed 
known  kinds  are  sweet  potato,  morning  glory,  and  bindweed. 

Distribution. — As  a  group,  the  tortoise  beetles  occur  over  nearly  all  of 
the  United  States  and  arable  Canada. 

Life  History,  Appearance,  and  Habits. — The  tortoise  beetles  live 
through  the  winter  in  the  beetle  stage  in  dry  sheltered  places,  under  bark 


Fig,  315. — The  argua  tortoise  beetle.     Sweet  potato  leaf  showing  a,  adult;  b,  larva  and  c, 
pupa.     About  three  times  natural  size.      (From  Jour.  Agr.  Res.,  Vol.  27,  No.  1.) 

or  trash.  They  come  out  of  hibernation  rather  late,  and  are  found  feeding 
and  mating  on  the  plants  during  May  and  June.  They  are  turtle-shaped, 
flat  below,  and  the  sides  of  the  prothorax  and  wings  are  extended  beyond 
the  sides  of  the  body  so  as  to  hide  the  head  and  much  of  the  legs.  The 
recognition  marks  of  the  more  important  species  1  t0  5  are  given  in  the 
key  on  pages  482  and  483. 

1  Golden  sweet-potato  beetle,  Metriona  bicolor  (Fabricius). 

2  Striped  sweet-potato  beetle,  Cassida  bivittata  Say. 

3  Black-legged  sweet-potato  beetle,  Jonthonota  nigripes  (Olivier). 

4  Mottled  sweet-potato  beetle,  Chirida  guttata  (Olivier). 
6  Argus  tortoise  beetle,  Chelymorpha  cassidea  (Fabricius). 
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The   females   of   1 1 1< *   Btriped   Bweet-potato    beetle1    lay    their  <'^s 

one   in   B    place,   OD  the  leaf  stems  or  Veins  of  the  underside  of  the  leaf, 

covering  each  white  egg  with  a  little  daub  of  Mack,  pitchy  material  that 
hides  and  protects  it.     The  argus  tortoise  beetle8  (Fig.  315,  A)  lays  her 

eggs  in  clusters  of  15  to  30,  each  egg  alt  ached  to  the  leaf  by  a  slender 
pedicel.  In  about  a  week  or  10  days  the  eggs  hatch,  and  during  June 
and  July  the  curious  larva  of  these  beetles  (Fig.  315,  B)  are  found  feeding 
mostly  on  the  underside  of  the  leaves.  They  are  about  %  inch  long,  pro- 
vided with  conspicuous  thorny  spines  all  around  the  margin,  two  of  which 
at  the  posterior  end  are  nearly  as  long  as  the  body.  On  these  long  spines, 
which  may  be  turned  up  over  the  back  like  a  squirrel's  tail,  the  larva 
packs  all  of  its  excrement  and  the  skin  it  sheds  at  each  molt,  tying  the 
dirty  mass  together  with  silk.  The  larvae  thus  come  to  look  like  moving 
bits  of  dirt  or  excrement  and  are  often  called  "peddlers."  When  growth 
is  completed,  the  larvae  fasten  themselves  to  leaves.  The  somewhat 
different-looking  pupae  (c)  are  exposed  by  molting  the  skin,  and  a  week 
or  so  later  the  new  adults  emerge. 
They  feed  a  little  during  August  and 
then  go  into  winter  quarters. 

Control  Measures. — If  necessary, 
the  plants  in  the  seed  bed,  or  later 
in  the  field,  may  be  sprayed  with 
arsenate  of  lead,  1  pound  to  50  gal- 
lons of  water. 

References. — N.  J.  Agr.  Exp.  Sta.  Bull. 
229,  1910;  Jour.  Agr.  Research,  Vol.  27,  No. 
1,  Jan.  5.  1924. 

Sweet-potato  Flea  Beetle3 

Importance  and  Type  of  Injury. — Long 
narrow  grooves  are  eaten  in  the  leaves, 
especially  on  the  upper  surface,  along  the 
veins,  during  May  and  early  June  by  very 
small,  chunky,  black,  jumping  beetles  about 
Y\§  inch  long,  with  bronzy  reflections  and 
reddish-yellow     appendages     (Fig.     316). 

When  these  channels  are  numerous  the  leaf  may  wilt  and  turn  brown  and  the  plant 
be  killed  or  badly  stunted. 

Plants  Attacked. — Besides  sweet  potato,  bindweed,  and  morning  glory,  corn, 
wheat,  oats,  rye,  and  other  grasses,  red  clover,  sugar  beet,  raspberry  and  box  elder. 

Distribution. — General  east  of  the  Rocky  Mountains. 

Life  History,  Appearance,  and  Habits. — The  small  beetles  winter  under  protecting 
trash  in  fence  rows,  the  margins  of  wood  lots  and  other  sheltered  places.  They  come 
out  of  hibernation  and  attack  the  plants  about  the  time  they  are  set  out  from  the  seed 

1  Cass  id  a  bivittata  Say. 

-Chelymorpha  cassidea  (Fabricius.) 

3  Chatocttema  confinis  Crotch,  Order  Coleoptera,  Family  Chrysomelidse. 


Fig.  316. — Sweet  potato  flea  beetle, 
adult,  about  twenty-four  times  natural 
size.      (From  III.  State  Xat.  Hist.  Sur.) 


48fi  DESTRl  <  in  E    \\i>  USEFUL  INSECTS 

beds.     By  the  end  of  June,  all  have  usually  lefl  bhesweei  potato,  migrating  especiall} 
to  bindweed,  aboul  which  they  lay  their  eggs,  and  then  die     Their  white  larva-  : 
on  the  small  roots  of  bindweed,  becoming  full-grown  and  producing  the  new  gen 
tion  of  beetles  in  late  July  and  August.     These  beetles  make  their  characteristic 

feeding  channels  on  bindweed  and  morning  glory  in  the  fall,  bul  rarely  attack 
sweet  potato  until  they  come  out  of  hibernation  the  following  spring.  They  some- 
times injure  small  grains  in  the  fall. 

Control  Measures. — Plants  in  the  seed  bed  should  be  thoroughly  sprayed  with 
arsenate  of  lead,  1  pound  to  50  gallons  of  water.  Plants  set  out  late,  after  the  beetles 
have  migrated  to  weeds,  are  less  liable  to  injury. 

Reference.— N.  J.  Agr.  Exp.  Sta.  Bull.  229,  1910. 

Sweet-potato  Weevil1 

Importance  and  Type  of  Injury. — Also  known  as  the  sweet-potato  root 
borer,  this  insect  is  most  injurious  to  the  roots  or  "  tubers"  which  may  be 
honeycombed  by  numerous,  fat,  white  grubs,  with  pale-brown  heads, 
ranging  up  to  l/$  inch  in  length.  Their  tunnels  are  tortuous  and  filled 
with  excrement,  and,  when  badly  infested,  (Fig.  317)  the  roots  are  unfit 
even  for  stock  feed.     From  25  to  75  per  cent  of  the  crop  is  often  destroyed. 

Plants  Attacked. — Sweet  potato,  morning  glory,  and  other  plants  of 
the  same  family. 

Distribution.— Confined  in  this  country  to  the  Gulf  states.  Probably 
imported  from  Asia. 

Life  History,  Appearance,  and  Habits. — Breeding  is  continuous 
throughout  the  winter  months,  especially  in  potatoes  in  storage;  and  all 
stages  may  be  found  practically  every  week  of  the  year.  The  eggs  are 
deposited  singly,  in  small  cavities  eaten  out  of  the  stem,  or  by  preference 
in  the  "tuber."  They  hatch  in  less  than  a  week  and  the  grubs  eat  down 
through  the  stem  or  into  the  potato,  feeding  for  2  or  3  weeks  and  causing 
the  potato  to  develop  a  bad  odor  and  a  bitter  taste.  About  a  week  more 
is  spent  in  the  pupa  stage  in  a  cavity  in  the  tuber  and  then  the  beetle  eats 
its  way  out.  The  adult  is  the  only  stage  generally  seen.  It  is  a  shiny, 
slender-bodied,  ant-like  snout  beetle,  about  J4  inch  long,  with  blue-black 
head,  wing  covers  and  abdomen,  but  the  middle  region  of  the  body  (pro- 
thorax)  and  the  legs  are  bright  red.  The  adults  feed  on  the  stems  and 
leaves,  and  soon  deposit  eggs  for  another  generation.  The  generations 
require  a  month  to  6  weeks  each  and  follow  each  other  as  long  as  growing 
plants  or  stored  potatoes  are  available. 

Control  Measures. — Sweet  potatoes  or  slips  from  infested  territory 
should  never  be  used  for  planting.  Other  measures  that  will  prevent 
serious  damage  by  this  weevil  are :  cleaning  up  the  vines  and  all  infested 
tubers  from  the  fields  promptly  after  harvest  and  feeding,  burning  or 
burying  them  deeply;  destroying  volunteer  sweet  potatoes  and  related 
weeds ;  putting  sweet-potato  plantings  as  far  away  from  those  of  the  pre- 

1  Cylas  formicarius  Fabricius,  Order  Coleoptera,  Family  Curculionidae. 
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ceding  year  as  possible;  spraying  the  plants  w  it  b  arsenate  of  lead,  I  pound 
of  powder  bo  50  gallons  of  water  as  soon  .-is  weevils  appear  in  the  fields. 


Fig.  317. — Sweet  potato  cut  open  to  show  injury  by  sweet  potato  weevil.  Larva  in 
burrow  at  top;  pupa  below.  Three  times  natural  size.  (From  U.  S.  D.  A.  Farmers' 
Hull.  1020.) 

Federal  and  state  quarantines  prohibit  the  movement  from  the  known 
infested  area,  of  plant  material  which  is  likely  to  carry  the  insect. 

Reference.— U.  S.  Dept.  Agr.  Farmers'  Bull.  1020,  1919. 


F.  INSECTS  INJURIOUS  TO  TOMATOES 

FIELD  KEY  FOR  THE  DETERMINATION  OF  INSECTS  INJURING 

THE   TOMATO 

A .  Insects  cutting  <>jj  the  newly  set  plants  close  to  the  ground: 

1.  Plants  chewed  off  ;it  oighl  and  left  lying  on  the  soil.     Plump,  greasy-looking, 

green     tan,  or  blackish  caterpillars  up  to  2  inches  in  length,  some  of  them  spotted  or 
striped,  found  in  the  soil  about  plants  during  the  daytime.     Cutworms,  page  434. 
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B.  Insects  devouring  or  eating  holes  in  thefoHage: 

1.  Very  small,  oval,  black,  braes}  <>i  pale-striped  beetles,  from  '  )t,  to  '>,  inch  long, 

eat   small,  round  "shot   holes"  in  the  leaves,  and  jump  vigorously  when  disturbed. 
Flea  Indies,  page  437. 

2.  Large  green  caterpillars,  up  to  4  inches  Long,  with  diagonal  white  bars  on  the 

sides  and  a  slender  horn  at  the  tip  of  the  body,  cling  to  the  vines  and  strip  off  the  foli- 
age.     Tomato  and  tobacco  horn  norms,  page  488. 

3.  Elongate,  nearly  parallel-sided,  not  very  hard,  long-legged  beetles,  black, 
grayish,  or  black  with  light  margins  on  the  wing  covers,  swarm  actively  over  the  plants, 
devouring  leaves  and  blossoms.     Blister  beetles,  page  474. 

C.  Insects  that  suck  sap  from  the  stems,  buds  or  leaves: 

1.  Small,  soft-bodied,  green  or  pinkish  plant  lice,  the  largest  3-u  inch  long,  winged 
or  wingless,  cluster  on  underside  of  leaves  and  on  terminal  shoots,  sucking  their  sap 
and  causing  them  to  wilt,  curl,  and  die.  Vines  become  covered  with  sticky  honeydew. 
Potato  aphid,  page  478. 

2.  Stems  and  leaves  develop  a  white  fuzzy  appearance  almost  like  a  white  mold, 
due  to  the  development  of  hairlike  outgrowths  under  which  many  minute  mites  live. 
Tomato  erinose,  Eriophyes  cladophthirus  Nalepa  (see  Fla.  Agr.  Exp.  Sta.  Bull.  76). 

3.  Slender,  wedge-shaped,  greenish  or  yellowish  leafhoppers,  under  %  inch  long, 
suck  sap  of  tomatoes  and  transmit  a  virus  which  causes  tomato  yellows  or  curly-top; 
t  he  leaves  droop,  thicken,  become  crisp,  and  later  develop  a  yellow  color  with  purple 
veins  or,  in  the  greenhouse,  transparent  veinlets.     Beet  leaf  hopper,  page  512. 

D.  Insects  that  bore  into  the  fruits: 

1.  Fruits  tunneled,  soured  and  decayed.  Plump,  striped,  light-green  or  tan  to 
nearly  black  worms,  1%  inches  long  when  full  grown,  found  partly  or  wholly  buried  in 
the  fruits  which  they  are  eating,  or  hiding  about  the  ground  in  daytime.  Corn  ear- 
worm  or  tomato  fruit  worm  and  climbing  cutworms,  page  490. 

Tomato  and  Tobacco  Hornworms 

Importance  and  Type  of  Injury. — The  best-known  tomato  insects 
are  the  large,  green,  white-barred  worms  up  to  3  or  4  inches  long,  with  a 
slender  horn  projecting  from  near  the  rear  end  (Fig.  318,  b).  They 
eat  the  foliage  ravenously.  They  are  more  seriously  injurious  to 
tobacco  and  are  known  among  tobacco  farmers  as  tobacco  worms 
and  " tobacco  flies."  Some  people  suppose  that  they  can  sting  with 
their  horns,  but  they  are  entirely  unable  to  hurt  a  person  in  any  way. 

Plants  Attacked. — Tomato,  tobacco,  eggplant,  pepper,  potato  and 
related  weeds. 

Distribution. — Both  species  occur  throughout  most  of  the  United 
States,  often  in  the  same  garden.  The  southern  or  tomato  hornworm1 
ranges  from  the  northern  states  southward  far  into  South  America.  The 
northern  or  tobacco  hornworm2  ranges  from  the  southernmost  United 
States  into  Canada. 

Life  History,  Appearance,  and  Habits. — The  winter  stage  of  the 
hornworms  is  very  often  spaded  up  or  plowed  out  in  the  spring.  It  is  a 
mahogany-brown,  hard-shelled,  spindle-shaped  pupa  about  2  inches 
long,  with  a  slender  tongue  case  projecting  from  the  front  and  bent 

1  Protoparce  sexta  Johanssen,  Order  Lepidopt era,  Family  SphingidaD. 

2  Protoparce  quinquemaculata  Haworth,  Order  Lepidoptera,  Family  Sphingidie. 
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around  like  a  pitcher  handle  (Fig.  .'US,  c).  From  these  cases  appear  in 
May  or  June  large,  swift-flying  hawk  mollis  or  humming-bird  mollis,  4 
or  ")  inches  from  tip  to  tip  of  wings.  They  fly  al  dusk  and  hover  about 
beds  of  petunias  or  patches  of  Jimsoo  weed  and  oihcr  flowers  with  deep 

tubular  corollas,  sipping  I  la1  nectar  with  their  very  long  tongues.  When 
not  in  use,  I  he  tongue  is  coiled  up  like  a  watch  spring  under  I  he  head. 
The  mollis  an4  grayish  or  brownish  in  color,  with  white  and  dark  mot- 
tling. The  adult  of  Iho  tobacco  hornworm1  may  be  distinguished  from 
the  adult  of  the  other  species  by  the  two,  clear-cut,  narrow,  zigzag,  dark 


Fig.   318. — Southern    or   tomato   hornworm,   Protoparce   sexta   Johanssen,    showing   adult 
moth;  worm  or  larva;  and  pupa;  about  two-thirds  natural  size.      (From  U.  S.  D.  A.) 


stripes  that  extend  diagonally  across  each  hind  wing;  these  stripes  are 
indefinite  and  obscured  in  the  tomato  hornworm  (Fig.  318,  ^4).  The 
tobacco  hornworm,  adult,  has  five  pairs  of  orange-yellow  spots  on  the 
abdomen,  while  the  tomato  species  has  six  pairs  of  such  spots. 

The  moths  themselves  do  no  injury;  but  deposit  spherical,  greenish- 
yellow  eggs,  one  in  a  place,  on  the  lower  side  of  the  leaves.  The  small 
larvae  feed  ravenously  for  about  3  or  4  weeks,  during  which  they  shed 
their  skins  five  times  and  increase  to  a  length  of  3  or  4  inches.  The  two 
species  are  similar,  but  may  easily  be  distinguished  by  the  diagonal 
white  stripes  on  each  side  of  the  body.  In  the  tobacco-hornworm 
larvae,  there  are  eight  stripes,  each  hooking  backward  from  its  lower 
end,  forming  an  L;  while  in  the  tomato  hornworm  (Fig.  318,  b)  there  are 
seven  oblique  stripes  which  do  not  turn  backward. 

When  full-grown,  the  larvae,  by  using  their  mouth  parts  and  legs,  dig 
into  the  soil  3  or  1  inches  and  change  In  pupa1,  which  may  go  through 
the  following  winter  before  they  transform  to  moths.     In  the  southern 

1  Protoparce  quinquemaculata  Haworth,  Order  Lepidoptera,  Family  Sphingids. 
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half  of  their  range,  however,  the  pupa  stage  lasts  only  about  3  weeks, 
and  at  least  a  part  of  the  adults  emerge  and  produce  a  second  generation 
late  in  the  season. 

Control  Measures. — Dusting  the  plants  with  powdered  arsenate  of 
lead,  using  5  pounds  per  acre  on  large  plants;  or  spraying  with  the  same 
material,  using  ll->  to  2  pounds  in  50  gallons  of  water,  and  making  two 
applications,  one  in  late  June  and  the  other  in  early  August,  are  recom- 
mended for  the  control  of  these  worms  on  tobacco.  Other  arsenical- 
may  be  used,  but  are  likely  to  produce  burning.  On  tomatoes,  the 
dusting  should  be  discontinued  at  least  10  days  before  the  tomatoes 
ripen.  In  small  gardens,  the  worms  may  often  be  destroyed  by  hand 
more  easily  than  by  spraying  the  plants,  locating  the  well-concealed 
worms  by  their  droppings.     Fall  plowing  destroys  many  of  the  pupa?. 

These  caterpillars  would  be  much  more  destructive  if  it  were  not  for 
their  natural  enemies.  The  most  commonly  noticed  is  a  braconid 
wasp.1  The  caterpillars  are  often  found  with  small  white  objects 
covering  their  backs  (Fig.  41),  which  are  generally  thought  to  be  eggs. 
They  are,  however,  cocoons  enclosing  the  pupa  stage  of  the  parasite. 
The  eggs  of  the  parasite  had  been  previously  thrust  through  the  skin  of 
the  hornworm,  and  the  larvae,  after  feeding  within  the  worm's  body,  ate 
out  through  the  skin  and  spun  the  cocoons.  The  adult  wasps  later  cut 
out  a  circular  lid  and  escape  from  the  cocoons  to  attack  other  worms. 
Worms  with  cocoons  on  their  backs  should  not  be  destroyed. 

References. — Tenn.  Agr.  Exp.  Sta.  Bull.  93,  1911;  Ky.  Agr.  Exp.  Sta.  Bull.  225, 
1920;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1356,  1923. 

Tomato  Fruit  Worms 

Importance  and  Type  of  Injury. — Among  the  most  serious  enemies 
of  the  tomato  are  the  plump,  greasy,  greenish  or  brownish,  striped 
caterpillars  that  eat  into  the  fruits  from  the  time  they  are  formed  until 
they  are  ripe  (Fig.  319).  The  worms  are  rather  restless,  and  shift  from 
one  fruit  to  another  so  that  a  single  caterpillar  may  spoil  many  fruits 
without  eating  the  equivalent  of  a  single  one.  Fifty  to  eighty  per  cent 
of  the  fruits  are  sometimes  destroyed  by  these  caterpillars.  The  most 
serious  of  these  tomato  fruit  worms  is  the  corn  earworm2  or  tobacco  bud 
worm,  which  has  been  discussed  on  page  350.  Certain  cutworms3  attack 
the  fruit  in  the  same  way  (see  p.  434).  One  of  the  worst  infestations 
by  cutworms  that  the  writers  have  seen  was  brought  about  by  the 
owner's  cutting  a  quantity  of  wild  grasses  and  spreading  over  the  tomato 
fields  as  a  mulch. 

1  Apanteles  congregatus  (Say),  Order  Hymenoptera,  Family  Braconidae. 
"  Heliothis  obsolete  Fabricius,  Order  Lepidoptera,  Family  Noetuida?. 
3  Especially  the    variegated    cutworm,   Lycophotia   margaritosa   saucia   Hi'ibner, 
Order  Lepidoptera,  Family  Noctuidse. 
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Control  Measures*  Tomatoes  can  In*  protected  from  Injury  by  these 
fruit  worms  by  spraying  the  vines  with  arsenate  of  lend,  l  to  2  pounds 
to  50  gallons  of  Bordeaux  mixture,  or  water,  about  the  time  the  earliest 

fruits  arc  the  size  of  small  marbles  and  agaiu  in  10  days.  Dusting  with 
arsenate  of  lead  or  calcium  arsenate  at  the  rate  of  5  to  8  pounds  per 
acre,  applied  at  the  times  recommended  for  spraying,  is  xwy  effective. 


Fig.  319. — Tomatoes  with  larvae  of  the  tomato  fruit  worm  feeding  in  them,  about  half 
natural  size.      (From  Tenn.  Agr.  Exp.  Sta.  Bull.  133.) 

The  infested  fruits  should  be  picked  and  destroyed  by  burning  or  burying 
a  foot  or  more  deep. 

Reference.— Tenn.  Agr.  Exp.  Sta.  Bull.  133,  1925. 

G.  INSECTS  INJURIOUS  TO  ONIONS 

There  are  two  very  serious  pests  of  the  onion  widely  distributed  in 
America:  the  onion  maggot,  which  feeds  in  the  bulbs;  and  the  onion 
thrips,  a  very  small,  slender  bug  that  draws  the  sap  from  the  leaves. 

Onion  Maggot1 

Importance  and  Type  of  Injury. — Small  white  maggots  up  to  }i  inch 
in  length  (Fig.  320,  d)  bore  through  the  underground  stem  and  into  the 
bulbs,  causing  the  plants  to  become  flabby  and  turn  yellow.  They 
mine  out  the  small  bulbs  completely,  leaving  only  the  outer  sheath  and 
causing  a  thin  stand  that  is  often  blamed  to  poor  seed.  Larger  bulbs 
are  attacked,  often  by  several  maggots  that  eat  out  cavities  which  if  not 
completely  destructive  to  the  bulbs,  cause  subsequent  rotting  in  storage. 

Plants  Attacked. — This  insect  is  of  no  importance  to  any  crop  except 
the  onion,  rarely,  if  ever,  attacking  other  plants. 

1  Hylcmyia  antiqua  Meigen,  Order  Diptera,  Family  Anthomyiidce. 
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Distribution.     lake  its  close  relative,  the  cabbage  maggot,  the  onion 
maggol  is  a  pest  in  the  northern  pari  of  the  United  States  and  in  Canada, 

rarely  injurious  in  the  South. 

Life  History,  Appearance,  and  Habits. — The  insect  winters  mostly  as 
larva  or  pupae  in  chestnut-brown  puparia  (h)  which  resemble  grains  of 

wheat,  often  buried  several  inches  in  the  soil.  They  are  frequently 
found  very  abundant  in  piles  of  cull  onions.  Some  adults  may  survive* 
under  the  protection  of  sheds  and  trash.  Those  in  puparia  transform 
to  adults  and  emerge  from  the  soil  over  a  period  of  several  months  in 
late  spring.  The  adults  are  slender,  grayish-bodied,  large-winged, 
rather  bristly  flies,  only  about  J^  inch  long  (a,  b).  The  females  lay 
elongate  white  eggs  about  the  base  of  the  plant  or  in  cracks  in  the  soil. 


i.^- 


Fig.  320. — The  onion  maggot,  a,  adult  male  from  above;  b,  adult  female  from  the  side; 
c,  head  of  female;  d,  larva  or  maggot;  h,  puparium;  about  five  times  natural  size.  (From 
III.  State  Xat.  Hist.  Sur.) 


The  eggs  hatch  in  from  2  to  7  days,  varying  with  temperature-humidity. 
The  maggots  crawl  down  the  plant,  mostly  behind  the  leaf  sheathes,  and 
enter  the  bulbs,  consuming  and  spoiling  them  as  stated  above.  They 
feed  for  2  or  3  weeks.  When  full-grown,  they  are  about  }i  inch  long, 
and  can  be  distinguished  from  the  closely  related  cabbage  maggot  by 
the  middle  lower  pair  of  tubercles  at  the  rear  end,  which  are  single-  and 
not  double-pointed  as  in  the  cabbage  maggot.  Pupation  occurs  in  the 
soil  about  the  plant  and  after  2  or  3  weeks  the  adults  emerge  and  lay 
eggs  for  another  generation.  A  third  generation  often  attacks  the 
onions  shortly  before  harvest,  causing  them  to  rot  very  badly. 

Control  Measures. — Experimental  work  conducted  in  Illinois  has 
developed  a  very  effective  control  for  the  onion  maggot,  by  spraying 
with  Bordeaux-oil  emulsion.  This  is  made  from  a  4-6-50  Bordeaux 
mixture  (see  p.  2G0)  by  mixing  with  it  l1^  gallons  of  lubricating-oil  stock 
emulsion  (see  p.  250)  to  48)^  gallons  of  the  Bordeaux.     Five  applications 
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of  the  spray  at  weekly  intervals,  the  first  when  the  plants  are  an  inch 

high,  will  give  practically  100  per  cent  control.  Applications  can  he 
made  by  hand  sprayers,  or,  in  large  fields,  by  sprayers  attached  to 
tractor  cultivators. 

The  first -generation  adults  can  be  attracted  to  rows  of  cull  onions, 
planted  around  the  margins  of  the  field  and  at  intervals  through  the 
field.  These  come  up  earlier  and  grow  faster  than  the  seeded  onions 
and  are  attractive  to  the  egg-laying  flies,  thus  giving  partial  protection 
to  the  main  crop.  The  maggots  in  the  culls  must  later  be  destroyed  by 
spraying  with  oils,  using  about  1  gallon  to  25  feet  of  row. 

h't ferences.— Jour.  Eoon.  Entomol.  Vol.  18,  p.  Ill,  1925;  Vol.  11,  p.  82,  1918;  Perm. 
A  (jr.  Exp.  Sta,  Bull.  171,  1922;  ///.  Agr.  Exp.  Sta.  Circ.  297,1928. 

Onion  Thrips1 

Importance  and  Type  of  Injury. — The  onion  thrips  is  a  very  minute 
insect  that  sucks  out  the  sap  of  the  leaves  and  stem,  causing  the  appear- 
ance of  whitish  blotches  and  dashes  on  the  leaves.  As  the  attack 
increases  in  severity,  the  tips  of  the  leaves  first  become  blasted  and 
distorted   and  later  whole  plants  may  wither,  brown,  and  fall  over  on 


Fig.  321. — Onion  thrips.     a,  adult,  fomalo;  h,  antenna  of  same;  c,  small  nymph;  d,  full- 
grown  nymph.     About  twenty-five  times  natural  size.      (From  III.  State  Nat.  Hist.  Sur.) 


the  ground.  The  bulbs  become  distorted  and  remain  undersized. 
Entire  fields  are  often  destroyed  by  this  pest,  especially  in  dry  seasons. 

Plants  Attacked. — Nearly  all  garden  plants,  many  weeds,  and  some 
field  crops.  Seriously  injurious  to  onion,  cauliflower,  cabbage,  bean, 
cucumber,  squash,  melon,  tomato,  turnip,  beet,  sweet  clover,  and  other 
plants. 

Distribution. — In  all  onion-growing  sections  of  the  United  States  and 
Canada. 

Life  History,  Appearance,  and  Habits. — The  adults  and  nymphs  both 
winter  on  plants  or  rubbish  in  the  fields  or  about  weedy  margins.  They 
are  slender,  yellow,  active  bugs,  pointed  at  both  ends,  the  largest  of 
them  only  J-.jr,  inch  long  (Fig.  321).  The  males  are  wingless  and  very 
scarce — the  females  regularly  reproducing  without  mating.      The  females 

1  Thrips  (abaci  Lindeman,  Older  Thysanoptera,  Family  Thripids. 
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have  four  extremely  slender  wings  which  could  hardly  serve  for  Might 
except  for  the  fringe  of  very  long  hairs  on  their  hinder  margins.  The 
feet  also  are  remarkable  in  these  insects,  the  tarsus  ending  in  a  small 
bladder,  without  claws.  These  hugs  squirm  in  between  tin-  leaves  and 
feed,  mostly  out  of  reach  of  insecticides.  They  rasp  and  tear  the  surface 
of  the  leaf  with  their  stabber-like  mouth  parts  (see  Fig.  (39)  and  swallow 
the  sap,  together  with  bits  of  leaf  tissue.  White  bean-shaped  eggs  are 
thrust  into  the  leaves  or  steins  nearly  full  length  and  hatch  in  5  to  10 
days.  The  nymphs  are  very  similar  to  the  adults,  but  paler  in  color. 
They  become  full-grown  in  from  15  to  30  days,  passing  through  four 
stages,  two  of  which  are  passed  in  the  soil  and  without  taking  food. 
After  the  fourth  molt,  the  adult  females  return  to  the  plants  and  soon 
lay  eggs  for  another  generation.  Eggs,  nymphs,  and  adults  are  found 
together  throughout  the  summer.  It  is  thought  that  there  are  usually 
five  or  six  generations  a  year. 

Control  Measures. — No  satisfactory,  practical  remedy  has  been 
discovered.  Spraying  with  nicotine  sulphate  1  part  to  400  or  500  parts 
of  soapy  water,  using  good  pressure,  holding  the  nozzle  close  to  the 
plants,  and  using  enough  spray  to  wet  them  thoroughly,  will  destroy 
many  of  the  thrips.  Nicotine  sulphate,  1  pint,  and  4  pounds  of  soap 
should  be  dissolved  in  each  50  gallons  of  spray.  After  the  crop  is  har- 
vested, the  tops  should  be  raked  together  and  burned.  The  margins 
of  fields  should  be  burned  over  where  practicable  to  destroy  the  weeds 
on  which  the  thrips  develop. 

Reference. — U.  S.  Dept.  Agr.  Farmers'  Bull.  1007,  1919. 

//.  INSECTS   INJURIOUS   TO    CABBAGE   AND    RELATED    VEGETABLES 
FIELD  KEY  FOR  THE  DETERMINATION  OF  INSECTS  INJURING  CRUCIFERiE 

.4.  Insects  thai  eat  holes  in  the  leaves  and  into  the  heads: 

1.  Velvety,  green  caterpillars  with  a  very  slender  orange  stripe  down  the  middle 
of  the  back;  of  all  sizes  up  to  W±  inches  long,  and  with  eight  pairs  of  legs  and  prolegs, 
rag  the  leaves  and  eat  their  way  beneath  the  outer  leaves,  leaving  accumulations  of 
dirty  pellets  in  the  leaf  axils.  White  butterflies,  nearly  2  inches  from  tip  to  tip  of  the 
wings,  each  of  which  has  a  few  black  spots  on  it,  are  usually  found  about  the  patch. 
Imported  cabbage  worm,  page  495. 

2.  Caterpillars  of  similar  size  and  habits  to  -A  1,  but  more  striped,  the  body  smooth, 
and  with  only  six  pairs  of  legs  and  prolegs,  loop  over  the  plants,  humping  the  back 
high  at  each  "step."  Eggs  laid  at  night  by  somber-brown  moths  with  a  silvery  spot 
at  the  middle  of  each  front  wing.     Cabbage  looper,  page  498. 

3.  Small,  pale-green  caterpillars,  not  over  Y%  inch  long,  eat  small  rounded  holes  in 
the  leaves  from  the  under  side.  Wriggle  actively  when  disturbed.  Diamond-back 
moth,  page  500. 

4.  Young  plants  showing  many  small  holes  with  yellow  margins  made  by  the 
feeding  of  very  small,  jumping,  black  beetles  with  a  crooked  yellow  stripe  on  each 
wing  cover.     Cabbage  flea  beetle,  page  437. 
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/>'.     Insects  tluil  such   (he  sa p  from  /cures  ami  stems: 

1.  showy,  red-  and  black-spotted,  Btinking  bugs,  flal  and  Bhield-shaped,  up  i<»  ;s 
inch  long,  cause  the  plants  lo  will  and  die  \'<>i  injurious  north  of  fortieth  parallel. 
limit  quin  bug,  page  50 1  • 

2.  Very  small,  whitish-green  \ni£s  oraphids  real  in  groups,  or  ^rcat  Boggy  patches, 

in  the  heart   of  the  plant   or  on  the  under  surface  of  leaves,  causing  leave-  to  cup  and 

curl,  wilt,  and  turn  yellow.      Cabbage  and  turnip  aphids,  page  503. 

( '.    Tfl86Ct8  that  cat  out  the  interior  of  the  leaf,  forming  blotches,  but  not  holes,  through  the 

leaf: 

1.  Winding  white  trails  or  broad  whitish  spots  appear  on  leaves,  made  by  small 
white  maggots  feeding  between  the  two  surfaces  of  the  leaf.  Leaf  miners,  page  505. 
I).   Insects  tfiat  attach-  tlic  roots: 

1.  Plants  become  stunted  and  frequently  wilt  down  suddenly  during  the  day  and 
die  without  apparent  external  cause.  Roots  scarred  and  tunneled  by  white  maggots 
up  to  ln  inch  long,  without  legs  or  distinct  head.     Cabbage  maggot,  page  505. 

Imported  Cabbage  Worm1 

Importance  and  Type  of  Injury. — The  first-formed,  outer  leaves  of 
cabbage,  cauliflower,  and  related  plants,  unless  sprayed  or  dusted,  are 
usually  riddled  with  large  holes  of  irregular  shape  and  size,  and  the  outer 
layers  of  the  cabbage  heads  are  eaten  into  by  velvety-green  worms  of  all 
sizes  up  to  1J£  inches  long  (Fig.  322).  If  the  leaves  are  parted,  masses 
of  greenish  to  brown  pellets  (the  excrement  of  the  worms)  are  found 
caught  in  the  angles  of  the  leaves.  So  much  of  the  leaf  tissue  is  generally 
devoured  by  these  worms  that  the  growth  of  the  plants  is  seriously 
interfered  with  (see  Fig.  1),  the  heads  of  cabbage  and  cauliflower  are 
stunted  or  do  not  form  at  all,  and  other  leafy  vegetables  are  rendered 
unfit  for  consumption. 

Plants  Attacked. — All  the  vegetables  of  the  cabbage  or  mustard  family 
are  attacked  by  these  worms — cabbage,  cauliflower,  kale,  collards,  kohl- 
rabi, Brussels  sprouts,  mustard,  radish,  turnip,  horse-radish,  and  many 
related  weeds.  The  worms  also  feed  on  nasturtium,  sweet  alyssum, 
mignonette,  and  lettuce.  The  butterflies  feed  on  the  nectar  in  the  flowers 
of  cruciferous  plants  and  many  other  blossoms,  but  do  no  damage. 

Distribution. — This  very  common  pest  was  unknown  in  the  new  world 
previous  to  1860,  when  the  butterflies  were  first  taken  at  Quebec,  Canada. 
Within  20  years  it  had  spread  over  all  of  the  United  States  east  of  the 
Mississippi  River.  It  now  occurs  as  a  pest  throughout  the  United  States 
and  most  of  Canada. 

Life  History,  Appearance,  and  Habits. — Neither  the  greenish  worms 
nor  their  well-known,  white  butterfly  parents  persist  through  the  winter: 
but  only  the  pupa  stage.  This  is  a  naked,  grayish,  greenish,  or  tan- 
colored  chrysalid  with  some  sharp,  angular  projections  over  its  back  and 
in  front.  It  is  suspended  from  some  part  of  the  plant  or  on  a  building  or 
ot  her  object  near  the  cabbage  patch.     The  tail  end  of  t  lie  pupa  is  fastened 

1  Pieris  rap(r  Linne,  Order  Lepidoptera,  Family  Pierid:e. 
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Fig.  322. — Imported  cabbage  worms,  Pieris  rapce  Linne;  and  their  injury  to  cabbage  leaf. 
Natural  size.      (From  Conn.  Ayr.  Exp.  Sta.  Bull.  190.) 
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with  a  button  of  silk  and  kepi  from  hanging  bead  downward  by  a  Bingle 
loo j)  of  silk  thai  encircles  the  body  near  the  middle,  like  a  girdle  (compare 
Fig.  259,  (').  Early  in  sprint;-  the  familiar  white  butterflies  (Fig.  323), 
with  t  hree  or  four  black  spots  on  t  he  wings,  split  out  of  I  he  chrysalids  and 
fly  about  the  gardens,  alighting  frequently  to  glue  an  egg  to  the  underside 
of  B  leaf  of  cabbage  or  related  plant.  In  all,  several  hundred  eggs  are  laid 
by  a  female.  They  are  just  big  enough  to  be  seen,  are  shaped  like;  a  bullet, 
are  deep  yellow  in  color,  and  have  ridges  running  both  lengthwise  and 
crosswise.  Each  egg  gives  rise  in  about  a  week  to  a  very  small  greenish 
caterpillar  which  feeds  voraciously  on  the  leaves  and  reaches  a  length  of 
an  inch  or  a  little  more  in  about  2  weeks.  These  caterpillars  (Fig.  322) 
are  an  intense  leaf  green,  except  for  a  very  slender  orange  stripe  down  the 
middle  of  the  back,  and  another,  broken,  stripe  along  each  side  of  the 
body,  which  is  formed  by  a  pair  of  elongate  yellowish  spots  near  each 


Fig.   323. — Adult  male  of  the  imported  cabbage  worm,   natural  size.      (From    III.   State 

Nat.  Hist.  Sur.) 

spiracle.  The  worm  has  a  velvety  appearance,  due  to  numerous,  close- 
set,  short,  wrhite  and  black  hairs  that  form  a  kind  of  white  bloom  over  the 
body.  The  crawling  of  these  caterpillars  is  slow  and  even,  the  body  being 
supported  by  three  pairs  of  slender  legs  and  five  pairs  of  fleshy  prolegs. 
When  full-grown  they  frequently  crawl  some  distance  away,  fasten  their 
tails  with  silk  to  some  support,  spin  a  silken  girdle  about  the  middle  of  the 
body  and  change  to  the  pupa  stage.  In  summer  this  stage  lasts  1  to  2 
weeks  and  other  generations  succeed  until  from  three  to  six  are  completed. 

Control  Measures. — The  imported  cabbage  worm  is  easily  controlled 
by  arsenicals,  the  only  difficulty  being  to  make  the  spray  adhere  to  the 
very  waxy  leaves.  For  this  purpose  a  spreader  or  sticker  should  be  added. 
An  effective  spray  is  made  by  dissolving  3  pounds  of  laundry  or  fish-oil 
soap,  by  boiling,  in  several  gallons  of  water.  Add  this  to  enough  water  to 
make  50  gallons,  and  stir  into  it  \l/i  to  2  pounds  of  powdered  arsenate  of 
lead  or  calcium  arsenate.  For  small  quantities,  use  from  Yi  to  1  ounce  of 
the  arsenical  and  an  inch  cube  of  soap  to  make  each  gallon  of  spray. 

Arsenate  or  lead  or  calcium  arsenate,  1  part,  to  3  parts  of  lime,  sulfur, 
or  other  carrier,  applied  as  a  dust  so  as  to  reach  both  surfaces  of  the  leaves, 
is  effective.  No  hesitancy  should  be  felt  about  applying  these  poisons  to 
cabbage,  because  the  head  grows  from  within,  and  the1  outer  leaves,  which 
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receive  the  poison,  are  always  discarded.    Careful  tests  have  shown  that 

it  would  be  necessary  for  a  person  to  eat  several  dozen  heads  of  cabbage 
sprayed  or  dusted  in  the  usual  way,  at  one  time,  to  get  enough  poison  to 
be  harmful.  The  first  spraying  or  dusting  should  be  given  shortly  after 
the  plants  are  set,  or  the  plants  should  be  dipped  in  the  spray  mixture  as 
they  are  set  out.  In  the  case  of  collards,  kale,  mustard,  and  other  plants 
of  which  the  free  leaves  are  eaten  as  greens,  or  on  the  heads  of  cauliflower, 
spraying  and  dusting  should  be  discontinued  4  weeks  before  the  crop 
is  gathered.  The  old  stalks  should  be  destroyed  and  the  field  plowed 
soon  after  the  crop  is  harvested.  Weeds  such  as  wild  mustard,  pepper 
grass,  and  shepherd's  purse,  on  which  the  first  generation  of  worms 
develop,  should  be  destroyed. 

A  number  of  natural  enemies  prey  on  these  caterpillars  and  in  certain 
seasons  and  sections  reduce  them  to  a  point  of  no  importance.  One  of 
these  is  a  small  wasp1  that  was  purposely  brought  to  America  in  1883  from 
Kngland,  and  has  since  spread  widely  over  the  country.  It  lays  its  eggs 
in  the  bodies  of  the  caterpillars,  and  its  young,  feeding  internally,  devour 
the  worm  so  that  it  dies.  The  larvae  of  the  wasp  then  spin  their  small 
yellowish  cocoons,  about  as  big  as  grains  of  wheat,  in  masses  on  the 
leaves,  often  in  contact  with  the  cabbage  worm  on  which  they  fed.  A 
still  smaller  wasp2  attacks  the  worms  in  a  similar  way  but  its  young 
remain  inside  the  worms  until  the  little  wasps  pupate  and  then  the  adult 
parasites  eat  out  of  the  dead  cabbage  worm  chrysalids.  More  than  3.000 
of  these  parasites  have  been  reared  from  a  single  cabbage  worm. 

References. — U.  S.  Dept.  Agr.  Farmers'  Bull.  766,  1916;  Wis.  Agr.  Exp.  Sta. 
Research  Bull.  45,  1919. 

Cabbage  Looper3 

Importance  and  Type  of  Injury. — This  species  attacks  the  plant  in  the 
same  manner  as  the  imported  cabbage  worm,  and  the  two  species  are 
commonly  found  on  the  same  plant.  In  certain  seasons  or  sections  this 
species  is  more  destructive  than  the  imported  cabbage  worm. 

Plants  Attacked. — In  addition  to  all  of  the  plants  of  the  cabbage  family, 
this  species  also  attacks  lettuce,  beet,  pea,  celery,  parsley,  potato,  tomato, 
carnation,  nasturtium,  and  mignonette. 

Distribution. — Throughout  the  United  States,  from  Canada  into 
Mexico;  a  native  species. 

Life  History,  Appearance,  and  Habits. — The  cabbage  looper  winters  as 
a  greenish  to  brownish  pupa,  nearly  %  inch  long,  wrapped  in  a  delicate 
cocoon  of  white  tangled  threads  attached  by  one  side  usually  to  a  leaf  of 
the  plant  on  which  the  larva  fed.     The  cocoon  is  so  thin  that  the  outline 

1  Apanteles  glomeratus  Linne,  Order  Hymenoptera,  Family  Braconida?. 

2  Pteromalus  puparum  Linne,  Order  Hymenoptera,  Family  Chalcididae. 

3  Autographa  brassicw  Riley,  Order  Lepidoptera,  Family  Noctuidae. 
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of  the  pupa  can  be  seen  inside.  These  pupa1  transform  is  the  spring  to 
moths  of  a  genera]  grayish-brown  color,  about  an  inch  long,  with  a  wing 
spread  of  Dearly  \x/i  inches  (Fig-  324).    The  mottled,  brownish  front  wings 

have  B  small  silvery  spot  near  the  middle,  somewhat  resembling  the 
figure  8;  the  hind  wings  are  paler  brown  to  bronze.  They  are  nocturnal 
and  much  less  conspicuous  about  the  fields  than  the  cabbage  butterflies, 
but  nevertheless  manage  to  lay  many  small,  round,  greenish-white  eggs 
singly  on  the  upper  surface  of  the  leaves. 


Fig.  324. — Moth  of  the  cabbage  looper.  One  and  one-third  times  natural  size.  (From 
Crosby  and  Leonard  "Manual  of  Vegetable-garden  Insects,"  copyright,  1918,  by  the  M acmillan 
Company,  reprinted  by  permission.) 

All  injury  is  by  the  greenish  larvae  (Fig.  325)  which  are  similar  in  size 
and  habits  to  the  imported  cabbage  worms.  The  body  tapers  to  the  head. 
There  is  a  thin  but  conspicuous  white  line  along  each  side  of  the  body  just 
above  the  spiracles  and  two  others  near  the  middle  line  of  the  back.  The 
larva  has  three  pairs  of  slender  legs  near  the  head  and  three  pairs  of 
thicker,  club-shaped  prolegs  behind  the  middle.  The  median  half  of  the 
body  is  without  legs,  and  this  region  is  generally  humped  up  when  the 


Fig.  325. — Full-grown  cabbage  looper.  About  one  and  a  half  times  natural  <\/.v. 
(From  Crosby  and  Leonard  "Manual  of  Vegetable-garden  Insects,''  copyright,  1918,  by  tht 
M acmillan  Company,  reprinted  by  permission.) 

insect  rests  or  moves.  From  this  looping  habit  the  common  name  is 
derived.  Two  to  four  weeks  of  feeding  bring  the  small  looper  to  full  size. 
It  then  spins  a  cocoon  similar  to  that  in  which  the  winter  is  passed,  and. 
in  the  summer  months,  appears  as  an  adult  again  within  2  weeks.  There 
may  be  three,  four,  or  more  generations  in  a  year,  the  number  of  worms 
usually  increasing  with  each  generation. 
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Control  Measures. — The  same  measures  are  recommended  as  for  the 
imported  cabbage  worm,  but  very  thorough  dusting  or  spraying  mud  be 
done,  because  the  worms  crawl  very  actively  and  will  migrate  to  parts  of  a 

plain  that  have  not  been  covered  by  the  poison.  The  looper  caterpillar- 
a  re  often  almost  completely  destroyed,  usually  late  in  the  season,  by  a  wilt 
disease  which  causes  their  bodies  to  rot. 

Reference.— U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  33,  1902. 

Diamond-back  Moth1 

Importance  <m<l  Type  of  Injury. — This  is  one  of  the  minor  cabbage  worms,  seldom 
devouring  more  than  a  small  percentage  of  the  leaves.     The  very  small  caterpillars 


Fu;.    320. — Diamond-back    moth:     larva    and    silken    cocoon.      Four   times   natural    size. 

(From  Mont.  Agr.  Exp.  Sta.  Circ.  28.) 


work  on  the  underside  of  the  leaves,  eating  many  small  holes,  giving  a  shot-hole  effect 
all  over  the  leaves.  In  dry  seasons  they  sometimes  become  abundant  enough  to  cause 
appreciable  injury  to  young  cabbage.  On  the  vegetables  of  which  the  outer  leaves 
are  eaten  and  on  greenhouse  plants  they  are  more  serious. 

Plants  Attacked. — In  addition  to  practically  all  of  the  Cruciferae,  the  diamond-back 
moth  attacks  some  ornamental  and  greenhouse  plants  such  as  sweet  alyssum,  stock, 
candytuft,  and  wallflower. 

lPlutella  maculipennis  Curtis,  Order  Lepidoptera,  Family  Plutellidae. 
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Distribution,     [ntroduced  into  (he  United  States  from  Europe  some  time  before  the 

middle  of  the  nineteenth  century,  it  now  occurs  wherever  its  hosl  plants  are  grown. 

/.//«    History i  Appearance,  <m<l  Habits.-  According  to  Crosby  and  Leonard,  the 

Bmall  grayish  mot  I  is  winter  over  hidden  a  way  under  t  he  remnants  of  the  cabbage  crop 

left  iii  the  tield.     They  :ire  about  ' &  inch  Long,  the  folded  wings  flaring  outward  and 

Upward  toward  their  tips,  and,  in  the  male,  forming  a  row  of  three  diamond-shaped 

yellow  spots  where  they  meet  down  the  middle  of  the  hack.  The  hind  wings  have  a 
fringe  of  Long  hairs.  The  minute  yellowish-white  eggs  are  filled  to  the  leaves,  one,  1  wo, 
or  three  in  a  place,  and  in  a  few  days  the  very  small  greenish  larvae  are  at  work  on  the 
underside  of  the  Leaves.  They  become  full-grown  in  from  10  days  to  a  month.  They 
rarely  exceed  •  ••  inch  in  Length,  are  pale-yellowish-grcen  in  color  with  fine  scattered 
erect  black  hairs  over  the  body  (Fig.  326,  A),  and  can  be  distinguished  from  small 
cabbage  worms  of  other  kinds  by  their  nervous  habit  of  wriggling  actively  when  dis- 
turbed. The  cocoon  (B)  within  which  the  full-grown  caterpillar  changes  to  the  moth, 
is  a  beautiful  gauzy  sack  Yi  inch  long,  but  so  thin  and  loosely  spun  that  it  hardly 
conceals  the  pupa.  It  is  usually  fastened  to  the  underside  of  a  leaf.  The  little  moth 
emerges  from  it  within  a  week  or  two  and  promptly  starts  another  generation,  of  which 
there  may  be  from  two  to  six  or  more  a  year  in  temperate  regions. 

Control  Measures. — The  same  as  for  the  imported  cabbage  worm. 

Reference. — Crosby  and  Leonard,   "Manual  of  Vegetable-garden  Insects,"  1918. 

Other  Cabbage  Worms 

There  are  several  other  kinds  of  caterpillars  that  often  feed  on  cabbage  and  related 
plants  and  some  of  them  may  be  locally  more  abundant  than  the  ones  described  above. 
The  potherb  butterfly1  and  the  southern  cabbage  butterfly2  are  very  closely  related 
to  the  imported  cabbage  worm;  while  the  cross-striped  cabbage  worm3  has  numerous 
black  transverse  bands  across  the  body  and  is  the  young  of  a  small  yellowish-brown 
moth.  The  cabbage  webworm4  and  the  purple-backed  cabbage  worm5  usually  feed 
beneath  a  protecting  silken  web  or  burrow  into  the  leaves.  All  of  these  worms 
may  be  controlled  by  the  same  methods  given  for  the  imported  cabbage  worm, 
but  for  the  last  two  named  the  applications  must  be  made  early,  before  the  young 
worms  gain  protection  under  their  webs  or  in  their  tunnels. 

Reference. — Crossby  and  Leonard,  "  Manual  of  Vegetable-garden  Insects,"  1918. 

Harlequin  Bug6 

Importance  and  Type  of  Injury. — The  harlequin  bug,  "fire  bug,"  or 
"calico  back,"  is  to  cabbage  and  related  plants  in  the  South  what  the 
squash  bug  is  to  squashes.  It  sucks  the  sap  of  the  plants,  taking  its  food 
entirely  from  beneath  the  surface,  sapping  them  so  that  they  wilt,  brown, 
and  die.  The  gaudy,  red-and-black-spotted,  stinking  bugs  (Fig.  327), 
about  %  inch  long,  flat  and  shield  shaped,  and  the  smaller,  similar-looking 
nymphs  have  a  very  characteristic  pattern.     They  may  be  found  in  all 

1  Pieris  oleracea  Harris,  Order  Lepidoptera,  Family  Pierida-. 

2  Pieris  jrrotodice  Boisduval  and  Leconte,  Order  Lepidoptera,  Family  Pierida). 

3  Evergestis  riniosalis  Guenee,  Order  Lepidoptera,  Family  Pyralidida\ 

4  Hellula  undalis  Fabricius,  Order  Lepidoptera,  Family  Pyralidida*. 

5  Evergestis  straminalis  Ilubncr,  Order  Lepidoptera,  Family  Pyralidida). 

6  M urgantia  histrionica  Hahn,  Order  Ilemiptera,  Family  Pentatomidsc. 
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stages  of  development  from  early  spring  to  wrinter,  and  dozens  to  im- 
plant in  Bevere  cases. 

Plants  Attacked. — Cabbage,  cauliflower,  collards,  mustard,  bone- 
radish,  Brussels  sprouts,  turnip,  kohlrabi,  radish,  and  in  the  absence  of 
these  favorite  foods,  tomato,  potato,  eggplant,  okra,  bean,  asparagus, 
beet,  and  many  other  garden  crops,  weeds,  fruit  trees,  and  field  crops. 

Distribution. — This  is  a  southern  insect  ranging  from  the  Atlantic  to 
the  Pacific,  and  rarely  if  ever  injurious  north  of  about  the  fortieth 
parallel.      It  first  spread  over  the  South  from  Mexico,  shortly  after  the 


Fig.  327. — Harlequin  cabbage  bug,  Murgantia  histrionica  Hahn:  a,  adult;  b,  egg  mass; 
c,  first  stage  nymph;  d,  second  stage  nymph;  e,  third  stage  nymph;/,  fourth  stage  nymph; 
0,  fifth  stage  nymph — all  enlarged  about  three  times.  (From  U.  S.  D.  A.  Farmers'  Bull. 
1061.) 


Civil  War,  and  it  was  believed  by  many  that  it  was  brought  in  by  the 
Yankee  troops. 

Life  History,  Appearance,  and  Habits. — Throughout  most  of  its  range 
the  insect  continues  to  feed  and  breed  during  the  entire  year.  Farther 
north  the  approach  of  winter  drives  the  bugs  into  the  shelter  of  recumbent 
cabbage  stalks,  bunches  of  grass,  and  other  rubbish,  and  only  the  adults 
survive  severe  winter  weather.  The  first  warm  days  of  spring  tempt 
them  out  of  hiding  and  they  begin  feeding  on  weeds,  being  ready  to  lay 
eggs  by  the  time  the  earliest  garden  plants  are  set  out.     The  eggs  are  laid 
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mostly  oo  the  underside  of  the  leaves.  They  are  like  tiny  while  kegs 
Btanding  oo  end  in  double  rows,  about  a  dozen  glued  toget  her,  each  "  keg" 
bound  with  two  broad  black  hoops  and  with  "round  black  spots  set  in  tin; 
proper  place  for  bungholes"  (Fig.  327,  b).  The  eggs  hatch  in  from  1  to 
29  days,  the  time  varying  with  the  temperature,  and  the  very  young 
bugs  begin  the  business  of  destroying  the  plants.  They  feed  and  grow  for 
1  to  9  weeks,  passing  through  five  distinct  stages  before  they  are  capable 
of  mating  and  laying  eggs  for  a  second  generation.  Three  generations, 
and  a  partial  fourth,  may  succeed  each  other  before  cold  weather  puts  a 
stop  to  their  rapid  increase. 

Control  Measures. — Much  time  and  quantities  of  arsenicals  are  wasted 
every  year  by  persons  who  do  not  understand  the  way  in  which  the 
harlequin  bugs  feed,  and  who  try  to  kill  them  with  applications  of  Paris 
green  and  other  stomach  poisons.  No  satisfactory  spray  or  dust  for  this 
pest  has  been  discovered.  Strong  contact  sprays  and  dusts  will  kill 
many  of  them  but  not  enough  to  constitute  a  satisfactory  control.  The 
most  important  control  is  the  destruction  of  the  adults  in  the  fall  and  in 
the  spring  as  they  come  out  of  hibernation  and  before  they  have  begun 
egg  laying.  Hand  destruction  may  be  facilitated  by  the  use  of  trap  crops 
of  mustard,  kale,  turnip,  or  radish,  planted  very  early  in  spring  or  late  in 
fall  after  the  main  crop  is  harvested.  When  the  bugs  have  concentrated 
on  these  small  patches,  they  should  be  killed  by  spraying  with  kerosene, 
or  by  covering  the  trap  crop  with  straw  and  burning.  Trap  crops  should 
never  be  used  unless  they  can  be  given  careful  attention  to  destroy  the 
bugs  attracted  to  them.  Weeds  such  as  wild  mustard,  Amaranthus  and 
others  of  the  mustard  family  should  be  kept  down.  After  the  bugs  have 
been  reduced  by  the  diligent  use  of  the  above  methods,  the  stragglers  that 
remain  must  be  cleaned  up  by  hand  picking  early  in  the  day  and  destroy- 
ing the  bugs  and  their  egg  masses  wherever  found. 

Reference.— U.  S.  Dept.  Agr.  Farmers'  Bull.  1061,  1920. 

Cabbage1  and  Turnip2  Aphids 

Importance  and  Type  of  Injury. — These  two  plant  lice,  while  easily 
distinguished  by  specialists,  are  very  similar  in  general  appearance,  and, 
indeed,  were  not  recognized  as  separate  species  until  1914.  The  nature  of 
attack  is  similar,  and  they  may  be  considered  together.  Plants  in  seed 
beds  and  at  all  subsequent  stages  of  their  growth  are  frequently  covered 
with  dense  clusters  of  whitish  green  plant  lice  about  the  size  of  the  small- 
est bird-shot,  which  suck  the  sap  from  the  leaf  (Fig.  328).  The  affected 
leaves  curl  and  crinkle  or  form  cups,  completely  lined  with  the  aphids, 
and,  in  severe  infestations,  wilt  and  die.  The  plants,  if  not  killed,  are 
dwarfed,  grow  slowly,  and  form  small  lighl  heads  not  suitable  for  market  - 

1  Brevicoryne  brassica  Limn',  Order  Homoptera,  Family  Aphididse. 

1  Rhopalotiphum  psendobrassica  (Davis),  Order  Homoptera,  Family  Aphidids. 
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ing  In  cases  of  bad  infestation  the  entire  plants  become  covered  with  a 
disgusting  mass  of  the  small,  Boggy  lice,  and  the  dying  leaves  and  plants 
rapidly  decay. 

Plants  Attacked. — The  cabbage  aphid  is  recorded  from  cabbage,  cauli- 
flower, Brussels  sprouts,  kohlrabi,  collards,  kale,  turnip,  and  radish.  The 
turnip  aphid  from  cabbage,  collards,  kale,  rape,  mustard,  rutabaga,  let- 
tuce, wild  mustard,  and  shepherd's  purse.  Doubtless  both  occur  on 
other  plants  of  this  family. 


Fig.  328. — Head  of  cabbage  ruined  by  the  cabbage  aphid.     Note  the  numerous  small  lice 
on  the  leaves.      (From  III.  State  Nat.  Hist.  Sur.) 


Distribution. — Both  species  probably  occur  throughout  North  America 
wherever  their  host  plants  grow. 

Life  History,  Appearance,  and  Habits. — The  life  cycle  is,  in  general, 
like  that  given  as  typical  for  aphids  (see  p.  442).  The  cabbage  aphid 
winters  in  the  northern  states  as  small  black  fertilized  eggs  laid  in  depres- 
sions upon  the  petioles  and  underside  of  leaves  of  cabbage.  The  turnip 
aphid  probably  winters  in  a  similar  way,  although  the  sexual  individuals 
and  eggs  of  this  species  have  not  been  described.  Farther  south  the 
species  continue  to  reproduce  ovoviviparously  throughout  the  winter. 
In  cage  experiments,  Paddock  carried  the  turnip  aphid  through  25  genera- 
tions in  12  months  in  Texas,  while  16  generations  of  the  cabbage  aphid 
have  been  observed  from  April  to  October.  When  their  food  becomes 
unsatisfactory  from  any  cause,  winged  females  are  developed  which 
spread  the  species  from  plant  to  plant  and  start  new  families  wherever 
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they  alight.     Each  female  commonly  produces  from  80  to  100  young 
during  her  Lifetime  of  about  a  month. 

Control  Mea&ur€8. — The  control  measures  recommended  for  apliids  on 
page  444  are  effective  for  this  species.  Dusts  containing  2.4  per  cent 
nicotine  (see  p.  241)  will  penetrate  into  and  under  the  leaves  very  effec- 
tively; and  in  some  severe  outbreaks  have  been  found  to  be  the  most 
satisfactory  means  of  control.  On  account  of  the  wax  powder  that 
covers  the  bodies  of  the  lice,  and  the  tendency  of  the  leaves  to  form  pock- 
ets or  cups  in  which  the  lice  are  protected,  it  is  essential  where  sprays  are 
used  that  very  thorough  applications  be  made,  using  an  angle  nozzle  on 
the  end  of  a  20-inch  extension  rod,  and  good  pressure,  and  directing  the 
spray  from  below  against  the  under  sides  of  the  leaves  and  also  downward 
into  the  heart  of  the  plant.  The  destruction  of  the  old  stalks  of  cabbage 
and  other  crops  as  soon  as  the  crop  is  harvested,  will  help  to  prevent 
destructive  outbreaks  of  these  aphids. 

Inferences. —  U.  S.  Dept.  Agr.  Dept.  Circ.  154,  1921;  Purdue  Agr.  Exp.  Sta.  Bull.  185, 
1916;  Tex.  Agr.  Exp.  Sta.  Bull.  180,  1915. 

Leaf  Miners 

This  group  of  plants  is  often  disfigured  and  damaged  by  several  species  of  small  flies 
that  live  in  the  maggot  stage  by  eating  the  tissue  of  the  leaves,  between  the  upper 
and  lower  surfaces.  Their  feeding  causes  the  production  of  large  whitish  blotches  or 
blasted  areas,  or,  in  the  case  of  the  serpentine  leaf  miner,1  slender,  white,  winding 
trails  through  the  interior  of  the  leaf.  The  leaves  are  greatly  weakened  and  the  mines 
serve  as  points  where  disease  and  decay  may  start,  but  the  chief  loss  is  to  those  vege- 
tables of  which  the  green  leaves  are  eaten  and  which  are  rendered  unattractive  and 
unsalable  by  these  flies.     No  practical  control  measures  are  known. 

Reference. — Jour.  Agr.  Research,  Vol.  1,  pp.  59-87,  1913. 

Cabbage  Maggot2 

Importance  and  Type  of  Injury. — Plants  attacked  by  the  cabbage 
maggot  appear  sickly,  off  color,  and  runty,  and,  if  the  attack  is  severe, 
wilt  suddenly  during  the  heat  of  the  day  and  die.  Roots  of  cabbage, 
cauliflower,  rape,  and  the  fleshy  parts  of  turnips  and  radishes  show  brown- 
ish grooves  over  their  surface  and  slimy  winding  channels  running 
through  the  flesh,  while  many  of  the  small  fibrous  roots  are  eaten  off. 
Legless  white  maggots,  from  3-i  to  J-£  inch  long,  blunt  at  the  rear  end  and 
pointed  in  front,  are  often  found  in  these  burrows. 

In  most  sections,  early  cabbage  after  transplanting,  late  cabbage  while 
still  in  the  seed  bed,  early  turnips,  and  late  spring  radishes  are  most 
severely  injured.  Very  early  radish  and  late  cabbage,  after  being  set 
out,  usually  escape  injury.  The  pest  fluctuates  much  in  abundance  in 
different  sections  and  years,  but  frequently  10  to  so  per  cent  of  the  plants 

1  Agromyza  pusiQa  Meigen,  Order  Diptera,  Family  Agromyzidse. 

-  II ijl<  iiniia  bnissicu   (  Bouclir  i,  Order  Diptera.  Family  A nt  lioinyiidiu. 
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are  destroyed,  resulting  in  thousands  of  dollars'  loss  annually  in  many  of 
the  states  where  it  occurs. 

Plants  Attacked. — This  fly  is  chiefly  injurious  to  plants  of  the  mustard 
family  or  Cruciferae,  such  as  cabbage,  cauliflower,  radish,  and  turnip,  but 
also  attacks  beet,  cress,  celery,  and  some  other  vegetables  to  a  slight 
extent. 

Distribution. — Introduced  from  Europe  early  in  the  nineteenth  cen- 
tury, it  has  spread  widely  over  North  America.  It  is  a  serious  pest  in 
Canada  and  the  northern  part  of  the  United  States,  but  is  seldom  injur- 
ious south  of  the  fortieth  degree  north  latitude. 

Life  History,  Appearance,  and  Habits. — This  insect  goes  through  the 
winter  chiefly  as  a  pupa  in  a  hard,  brown,  egg-shaped  puparium  about  }£ 

inch  long,  and  buried  from  1  to  5  inches  in  the  soil. 
In  spring,  about  the  time  early  cabbage  plants  are 
set  out  (mid-May  in  the  latitude  of  Chicago)  the 
end  of  the  puparium  is  broken  open  and  a  small 
gray  fly  emerges  and  crawls  out  of  the  soil.  These 
flies  (Fig.  329)  are  similar  in  general  appearance  to 
the  common  house  fly  but  only  about  half  as  long 
C1^  inch  long),  dark  ashy  gray  with  black  stripes 
on  the  thorax  and  many  black  bristles  over  the 
Fig.    329.— Female  of    body.     The  cells  of  the  wing  that  open  nearest  to 

the    cabbage     maggot,     .,       ,.  ,      ,,         .  ,  u  .  r™ 

Hyiemyia    brassicm    lts  tip  are  both  wide  open  at  the  margin.     They 
(Bouche).    About   twice    fly  about  close  to  the  ground  and  deposit  their 

natural  size.      (From  Can.  n        ...        «       .        .,        .  .,  . 

Dept.  Agr.,  Pamphlet  32,    small,  white,  finely-ridged  eggs  on  the  plants  near 
»•*•)  where  the  stem  meets  the  ground  or  in  cracks  and 

crevices  in  the  soil.  Three  to  seven  days  later, 
the  eggs  hatch  and  the  very  small  maggots  promptly  seek  the  roots  and 
eat  into  them.  Each  larva  feeds  for  3  to  4  weeks,  and  the  roots  often 
become  riddled  with  their  tunnels  (Fig.  330).  The  larva  has  at  the 
blunt  rear  end  12  short,  pointed,  fleshy  processes  arranged  in  a  circle 
around  the  two  button-like  spiracles.  The  two  processes  nearest  the 
middle  line  below  are  double-pointed. 

When  the  maggots  are  abundant,  the  underground  parts  of  the  plants 
soon  become  honeycombed  and  rotten.  Over  125  maggots  have  been 
taken  from  the  roots  of  a  single  plant.  Upon  completing  its  growth  the 
larva  may  pupate  in  its  burrow,  but  more  generally  crawls  away  from  the 
root  into  the  soil  a  short  distance  and  there  forms  its  puparium.  Two  or 
three  weeks  later,  on  the  average,  the  adults  break  out  of  the  puparium 
and  may  push  up  through  the  soil  from  a  depth  of  6  inches  or  more. 
Undoubtedly  some  of  these  puparia  of  the  first  generation  remain  until 
the  following  Spring,  but  most  of  them  transform  to  adults  in  late  June 
and  July,  and  lay  eggs  upon  late  cabbage  and  other  plants.  In  most 
sections  the  injury  from  this  second  generation  during  dry  midsummer 
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weather  is  not  severe,  since  the  insect  requires  cool,  moist  weather  and 
succulent  plants  in  which  to  thrive.  Enough  transform,  however,  to 
produce  a  partial  third  generation  in  autumn  when  they  are  sometimes 
Very  destructive  to  fall  radishes  and  turnips.  In  some  sections  a  partial 
fourth  generation  has  been  reported. 


Fig.  330. — Root  of  cabbage  showing  cabbage  maggots  and  their  destructive  work.      (From 

Can.  Dept.  Agr.  Pamphlet  32,  n.s.) 


Control  Measures. — The  most  successful  control  is  to  treat  the  base  of 
the  plants  and  the  adjoining  soil  with  corrosive  sublimate  (bichloride  of 
mercury),  dissolved  1  ounce  in  8  or  10  gallons  of  water.  Three  or  four 
ounces  i}/^  teacupful)  of  this  solution  is  poured  close  around  the  base  of 
each  plant,  wetting  the  stem  as  well  as  the  surrounding  soil,  a  few  days 
after  transplanting.  A  week  to  10  days  later  the  treatment  is  repeated, 
and  one  more  treatment  may  be  needed.  The  chemical  should  be  dis- 
solved in  a  small  quantity  of  hot  water  in  wooden,  glass,  or  earthenware 
vessels  and  then  diluted.  The  solution  may  be  applied  to  a  few  plants  by 
pouring  from  a  sprinkling  can  with  the  "rose"  removed  or  by  means  of  a 
pail  and  dipper.  More  rapid  application  can  be  made  from  a  knapsack- 
sprayer  tank  equipped  with  a  short  hose,  a  2-foot  extension  rod,  and  a 
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pinch  cock,  allowing  the  liquid  to  run  down  by  gravity  to  the  base  of  the 

plant.  For  large  areas,  a  barrel  pump  tank  with  two  leads  of  hose  and  a 
man  lor  each  hose  will  be  most  efficient.     All  metal  containers  .should  be 

thoroughly  rinsed  after  using  this  solution  in  them,  to  prevent  corrosion. 
About  2  gallons  of  solution  will  be  needed  to  treat  a  hundred  plants.  In 
transplanting,  the  above  solution  should  be  used  instead  of  water  to 
puddle  the  plants;  and  it  may  be  used  instead  of  water  in  transplanting 
machines. 

In  seed  beds  the  material  may  be  applied  evenly  all  along  the  rows, 
using  about  one  gallon  to  each  35  feet  of  row.  On  radishes,  the  row 
treatment  should  be  applied  shortly  after  the  plants  come  up,  and  only 
one  treatment  will  usually  be  needed. 

Seed  beds  may  be  protected  from  these  flies  and  from  flea  beetles  and 
other  pests  by  covering  them  with  thin  cloth,  such  as  hospital  gauze, 
having  from  20  to  24  threads  to  the  inch,  securely  tacked  to  the  framework 
around  the  bed  and  supported  by  wires  across  the  beds  at  intervals  of  5  or 
6  feet. 

References— N.  Y.  {Geneva)  Agr.  Exp.  Sta.  Bull.  442,  1917;  and  419,  1916;  Proc. 
Entomol..  Soc.  Nova  Scotia  for  1919,  p.  41,  1920;  Dept.  Agr.  Canada,  Entomol.  Bull.  12, 
pp.  9-29,  1916. 

/.  INSECTS  INJURIOUS  TO  BEET,  SPINACH,  LETTUCE,  CARROT,  PARSNIP, 
CELERY,  AND  RELATED  VEGETABLES 

FIELD  KEY  FOR  IDENTIFICATION 

A.  Insects  cliewing  the  foliage,  tender  stems  or  seed  heads: 

(a)  Caterpillars  working  under  the  protection  of  a  silken  web: 

1.  Lettuce,  beet,  cabbage,  cucurbits,  pea,  beans,  potato,  and  tomato  are  attacked 
by  yellowish-green  worms,  up  to  1  inch  long,  with  scattered  hairs  and  conspicuous 
black  spots  feeding  within  light  webs  of  silk  that  they  spin  over  the  plants,  especially 
near  the  ground  or  in  the  soil.     Garden  webworm,  page  396. 

2.  The  flower  heads  of  parsnip  and  celery  are  webbed  together  and  devoured  by 
small  yellowish  to  grayish-green,  black-spotted  caterpillars,  the  largest  about  %  inch 
long,  which  also  mine  in  the  stems.     Parsnip  webworm,  page  509. 

3.  Celery,  beet,  and  spinach  foliage  is  ragged  by  greenish,  watery-looking,  white- 
striped  caterpillars,  the  largest  %  inch  long,  which  work  on  the  underside  of  leaves 
or  fold  and  web  the  leaves  together  and  feed  within.  Squirm  actively  when  dis- 
turbed.    Greenhouse  leaf  tyer,  p.  714. 

(6)  Insects  feeding  exposed  on  foliage: 

1.  Large  green  caterpillars,  up  to  2  inches  long,  with  a  black  cross-band  and  six 
yellow  spots  on  each  segment,  eat  the  leaves  of  celery,  parsnip,  and  carrot.  Black 
swallowtail  butter  fly,  p.  510. 

2.  Lettuce,  celery,  and  beets  are  frequently  attacked  by  a  pale-green  caterpillar, 
up  to  1 J4  inches  long,  narrowing  gradually  to  the  head,  and  with  light  and  dark  stripes. 
They  have  only  three  pairs  of  prolegs  and  consequently  crawl  with  a  looping  move- 
ment. Celery  looper,  Autographa  falcigera  Kirby  (see  Eleventh  Rept.  State  Entomologist 
of  Illinois,  pp.  38-43,  1882). 
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3.  Small,  greenish-black,  hopping  booties,  \  ,  inch  long,  with  ;i  broad  yellow  collar 
behind  the  he. 'id,  and  grayish  bo  purple,  short,  warty  grubs  (up  to  '.{  inch  long)  ea1 

Bmall  holes  ID  the  leaves  or  skeletonize  them.      Spinach  flea  htdh,  page  ,r)l(). 
li.    Insects  sucking  tin   sap  from  leans  and  stems: 

1.  Broad,  oval,  black  bugs,  up  to  jl()  inch  long,  convex  above,  suck  the  sap  of 
celery  and  other  plants  causing  the  leaves  to  wilt  and  die.  They  give  off  a  vile  odor 
when  crushed.      Negro  bug,  page  511. 

2.  Blender,  wedge-shaped,  greenish  or  yellowish  leafhoppers,  under  %  inch  long, 
suck  sap  of  beets  and  poison  them,  causing  the  rolling  and  shriveling  of  leaves  and 
the  appearance  of  warts  along  the  veins.     Bed  leafhopper,  page  512. 

3.  Pale  green  or  pinkish,  winged  or  wingless  aphids,  only  )-f  2  inch  long,  suck  the 
sap  of  spinach,  beets,  celery  and  about  100  other  plants,  causing  stunting,  wilting, 
and  unmarketable  condition  of  the  plants.     Spinach  aphid,  page  512. 

C.  Insects  mining  in  the  leaves: 

1.  Blister-like  or  blasted  spots  on  the  leaves  of  spinach,  chard,  and  related  plants 
are  made  by  small  maggots,  not  over  \^  inch  long,  eating  the  interior  of  the  leaf  with- 
out consuming  either  surface.     Spinach  leaf  miner,  page  513. 

D.  Insects  attacking  the  roots: 

1.  Yellowish-white  maggots,  about  Y&  inch  long,  chew  off  the  small  roots  of  celery 
and  the  bottom  of  the  taproot  of  carrots  and  parsnips  causing  plants  to  yellow  and 
make  stunted  growth.  Roots  may  be  riddled  with  rust-red  burrows  and  surface 
scars.     Carrot  rust  fly,  page  514. 

2.  Stout,  broad,  reddish  brown,  spiny-legged  beetles,  %  inch  long  by  H  inch 
broad,  gouge  out  unsightly  holes  in  the  roots  of  celery,  carrots,  parsnips,  sugar  beets, 
sunflowers,  and  other  vegetables  and  field  crops.     Carrot  beetle,  page  514. 

3.  Aphids  cluster  on  the  roots  of  beets  and  other  vegetables,  sucking  the  sap 
and  forming  moldy,  white-looking  clumps.     Sugar-beet  root  aphid  and  others,  page  515. 

4.  Irregular  dark  grooves  over  the  surface  of  carrots,  or  burrows  through  the  roots, 
the  latter  sometimes  containing  fat,  white,  legless  grubs.  Carrot  weevil,  Listronotus 
latiusculus  Boheman  (see  Jour.  Econ.  Entomol.,  Vol.  19,  pp.  490-496,  1926). 

Parsnip  Web  worm1 

Importance  and  Type  of  Injury. — The  flower  heads  of  parsnip  and  cel- 
ery are  webbed  together  with  silk  and  devoured  by  small  yellow,  greenish 
or  grayish  caterpillars  covered  with  small  black  spots  and  short  hairs. 
They  interfere  seriously  with  the  production  of  celery  and  parsnip  seed. 
After  consuming  the  unripe  seed  the  caterpillars  mine  in  the  stems,  and 
when  full-grown  are  about  %  inch  long. 

Plants  Attacked. — Parsnip,  celery,  wild  parsnip,  wild  carrot,  and 
related  weeds. 

Distribution. — South  Canada  and  the  Northern  States  east  of  the 
Mississippi. 

Life  History,  Appearance,  and  Habits. — The  grayish  moth,  an  inch 
across  the  wings,  winters  under  loose  bark  and  in  other  protection  and 
lavs  its  eggs  in  late  spring  on  the  developing  flower  head  and  other  parts 
of  the  plant.  After  destroying  the  flower  buds  and  seeds,  the  caterpillars 
pupate  in  their  mines,  emerging  as  adults  in  late  summer,  when  they  seek 

1  Depressarin  heracliana  Limn',  Order  Lepidoptera,  Family  (Ecophorid®. 
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hibernating  places.     The  insect  is  especially  abundant  on  the  heads  of 
wild  parsnips. 

Control  Measures. — Spraying  or  dusting  with  calcium  arsenate  at  the 
rate  of  6  to  8  pounds  to  the  acre  is  an  effective  remedy,  but  much  of  the 
damage  has  usually  been  done  before  the  caterpillars  are  noticed. 
Injured  flower  heads  can  be  cut  and  burned  in  August,  before  the  moths 
emerge.     Wild  host  plants  should  be  destroyed  about  the  farm. 

Black  Swallowtail  Butterfly1 

Importance  and  Type  of  Injury. — Large  green  caterpillars,  with  a 
black  crossband  on  each  segment,  which  is  indented  by  six  yellow  spots 
on  its  front  margin,  ranging  up  to  2  inches  in  length,  eat  the  foliage  of 
celery  and  related  plants,  stripping  the  leaves  clean  as  they  go  (Fig. 
140,  a,  b).  They  sometimes  seriously  injure  young  plants  but  are 
usually  more  noticeable  because  of  their  gaudy  appearance  than  for  the 
injury  they  do. 

Plants  Attacked. — Celery,  dill,  parsnip,  carrot,  parsley,  caraway,  and 
many  other  plants  of  the  same  family. 

Distribution. — Throughout  North  America  east  of  the  Rocky  Moun- 
tains.    In  the  West  it  is  replaced  by  the  western  parsley  caterpillar.2 

Life  History,  Appearance,  and  Habits. — In  the  northern  States  the 
winter  is  passed  as  a  dirty,  tan-colored  chrysalid  suspended  from  the 
host  plants  and  other  objects  by  a  silk  button  and  girdle,  as  described 
for  the  imported  cabbage  worm  (see  p.  495).  The  adults  are  large, 
black,  swallowtail  butterflies,  expanding  nearly  4  inches,  with  numerous 
yellow  spots  on  the  outer  part  of  the  wings  and  also  a  row  of  blue  patches 
on  the  hind  wing  (Fig.  140,  c).  The  eggs  are  scattered  about  on  the 
leaves,  in  May  and  June,  and  hatch  into  the  curious  caterpillars.  When 
disturbed,  the  caterpillars  protrude  from  the  head  end  two,  soft,  orange- 
colored  horns  (known  as  osmateria) ,  that  give  off  a  sickening  sweet  odor 
which  is  probably  a  protection  from  some  enemies.  The  larval  stage 
lasts  about  a  month,  and  the  pupa  stage  9  to  10  days  in  summer.  There 
are  two  or  three  generations  a  year. 

Control  Measures. — Hand  picking  of  the  caterpillars,  or  dusting  the 
plants  with  arsenate  of  lead  or  calcium  arsenate,  will  easily  destroy  the 
worms.  Poisons  must  not  be  applied  to  foliage  vegetables  ready  to  be 
put  on  the  market. 

Reference. — Scudder,  "Butterflies  of  the  Eastern  United  States,"  p.  1353,  1889. 

Spinach  Flea  Beetle3 

Importance  and  Type  of  Injury. — Small  holes  are  eaten  in  the  leaves, 
or  the  leaves  are  skeletonized  from  beneath,  by  small,  jumping,  greenish- 

1  Papilio  polyxenes  Fabricius,  Order  Lepidoptera,  Family  Papilionidae. 

2  Papilio  zelicaon  Lucas,  Order  Lepidoptera,  Fa  mily  Papilionidae. 

3  Disonycha  xanthomelcena    Dalman,  Order  Coleoptera,  Family  Chrysomelidae. 
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black  beetles  with  a  yellow  collar  behind  the  head  and  by  grayish  to 

purple,  warty,  short,  cylindrical  worms,  all  under  \ .[  to  ){\  inch  long. 

Phi n(s  Attacked.—  Spinach,  beet,  and  pigweed,  chiekweed,  lamb's 
quarters,  and  other  weeds. 

Distribution. — General  east  of  the  Rocky  Mountains. 

Life  History,  Appearance,  and  Habits. — The  insect  winters  as  a 
greenish-black,  oval  beetle  V&  to  J4  inch  long,  with  a  yellow  prothorax 
(Fig.  287).  In  April  and  May  the  beetles  appear  on  the  plants  and  lay 
small  clusters  of  orange  eggs  (Fig.  285)  placed  on  end  at  the  base  of  the 
plant  or  on  the  soil  near  by.  The  dirty-gray  to  purplish  young  or  larvae 
(Fig.  286)  feed  on  the  underside  of  the  leaves,  becoming  34  to  J^j  inch 
(ong  within  2  to  4  weeks.  They  are  very  warty,  cylindrical  grubs,  each 
wart  terminating  in  a  short  black  hair.  When  disturbed,  the  larvae  and 
beetles  "play  'possum"  and  drop  to  the  ground.  A  pupal  stage  of  a 
week  or  10  days  is  passed  in  the  soil,  and  the  new  adults  appear  in  July, 
lay  eggs  over  a  period  of  nearly  2  months,  and  the 
second  generation  matures  before  winter  sets  in. 

Control  Measures. — Dusting  or  spraying  with 
stomach  poisons  readily  kills  the  larvae,  and,  if  this 
is  thoroughly  done,  the  beetles  will  be  killed  or 
driven  off. 

Reference.— U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  19,  1899. 

Negro  Bug1 

Importance  and  Type  of  Injury. — Short,  oval,  black  bugs  IG'        J;'  • 

(Fig.  331)  about  }{ 0  inch  long,  together  with  small  black  and  puucarius'  Germar  : 
reddish  nymphs,  sometimes  congregate  on  celery,  corn,  wheat,  adult,  about  ten  times 
and  other  crops  and  suck  out  the  sap,  stunting  the  plants  natural  size.  (From 
and  causing  the  leaves  to  wilt  and  die.  Outbreaks  of  the  bug  ™'  ^tate  Nai'  Hlst- 
in    Michigan  and  Ohio  have  destroyed  thousands  of  dollars 

worth  of  celery,  but  the  pest  occurs  only  sporadically.  Secretions  of  the  bugs  give  a 
foul  taste  to  raspberries  and  blackberries  over  which  they  crawl. 

Plants  Attacked. — Celery,  corn,  wheat,  other  grasses,  some  ornamental  flowers,  and 
many  weeds,  such  as  beggar-ticks,  Lobelia,  and  Veronica. 

Distribittion. — Throughout  the  United  States  and  Canada,  east  of  the  Rocky 
Mountains. 

Life  History,  Appearance,  and  Habits. — The  insects  winter  as  adult  bugs  which  are 
often  mistaken  for  beetles  because  of  the  hard  shell  over  the  backs.  This  is  not  formed 
of  the  two  wing  covers  but  is  a  greatly  enlarged  thoracic  shield,  under  the  edges  of 
which  the  wings  slip  when  the  bug  comes  to  rest.  The  eggs  are  laid  singly  on  the 
leaves  and  hatch  in  about  2  weeks  into  reddish  nymphs  which  gradually  grow  into  the 
form  of  the  adult  as  they  feed  on  the  plants.  They  become  adult  by  midsummer,  and, 
after  feeding  for  a  few  weeks,  seek  hibernating  places  long  before  cold  weather. 

Control  Measures. — Weeds  on  which  the  bugs  feed  should  be  destroyed.  When 
they  attack  cultivated  crops  a  spray  of  nicotine  sulphate  1  part  to  500  parts  of  soapy 
water  will  kill  all  of  the  bugs  hit  by  it. 

Reference.-    Mich.  Agr.  Exp.  Sta.  Bull.  102,  1893. 

1  Thyrcocoris  pvHcarius  Germar,  Order  Hemiptera,  Family  Cydnidae. 
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Bee i   l.i. \i  hopper1 

Importance  and  Type  of  Injur!/.  Beets  are  attacked  by  :t  disease 
known  as  "curly-leaf"  <>r  blight,  which  is  caused  by  the  feeding  of  a 

small  leafhopper.  This  stunts  the  plants,  kills  them  or  greatly  reduces 
the  sugar  content  of  the  beets  and  the  crop  of  seed.  The  leaf  veins 
become  warty,  the  veinlets  transparent,  the  petioles  kinked,  and  the 
leaves  rolled  upward  at  the  edges,  brittle,  and  shriveled.  In  many 
localities  the  growing  of  sugar  beets  has  been  abandoned  because  of  this 
pest.  The  attack  is  generally  sporadic,  but  there  is  no  way  of  predicting 
when  a  destructive  outbreak  will  occur.  This  insect  is  also  the  carrier 
of  tomato  yellows  or  curly  top. 

Plants  Attacked. — Sugar  beets,  table  beets,  mangels,  tomatoes  and  cer- 
tain weeds. 

Distribution. — Western  United  States  east  to  Nebraska  and  Texas. 

Life  History,  Appearance,  and  Habits. — The  cause  of  the  trouble 
known  as  curly  leaf  is  a  small,  wedge-shaped  leafhopper,  of  a  pale 
greenish  or  yellow  color,  about  J£  inch  long,  with  long  slender  hind  legs 
that  enable  it  to  jump  quickly  into  the  air.  It  also  flies  readily,  and 
when  flying  looks  like  a  tiny  white  fly.  The  adults  winter  on  and  about 
their  wild  food  plants  such  as  salt  bush,  Russian  thistle,  greasewood,  and 
sea  blite,  and  in  the  spring  may  fly  for  hundreds  of  miles  in  great  swarms, 
alighting  in  beet  fields  wherever  the  crop  is  up.  The  adults,  and  later 
the  nymphs,  feed  by  inserting  the  slender  mouth  parts  into  the  plant, 
introducing  a  poisonous  or  disease-producing  substance  that  causes  the 
curly-top  condition  to  develop.  The  eggs  are  inserted  full  length  into 
the  veins,  leaf-petioles,  or  stems,  and  hatch  in  2  weeks  to  tiny,  pale- 
colored,  wingless  nymphs  that  settle  in  the  center  of  the  plant.  In 
from  3  weeks  to  2  months  the  bugs  are  full-grown.  There  may  be 
from  one  to  three  or  more  generations. 

Control  Measures. — Curly-leaf  is  caused  only  by  the  feeding  of  the 
leafhopper,  but  no  practical  control  measure  for  the  bug  has  been 
discovered.  It  flies  so  readily  that  it  is  hard  to  destroy  by  contact 
sprays  or  dusts.  Early  planting  and  thorough  cultivation  are  recom- 
mended to  produce  a  crop  in  spite  of  the  presence  of  the  hoppers. 

References. — Utah  Agr.  Exp.  Sta.  Bidl.  155,  1917;  Jour.  Agr.  Research,  Vol.  20. 
p.  245,  1920;  Hilgardia,  Vol.  3,  No.  2,  May,  1928. 

Spinach  Aphid2 

This  insect,  which  is  further  discussed  as  the  green  peach  aphid,  has  been  very 
destructive  to  spinach  in  the  large  trucking  sections  of  the  Atlantic  coast.  It  has 
been  estimated  that  $750,000  worth  of  damage  was  done  to  the  spinach  crop  in 
Virginia  in  a  single  year  (1907).     It  also  attacks  celery,  lettuce,  beets,  tomato,  egg- 

1  Eutettix  tenellus  (Baker),  Order  Homoptera,  Family  Cicadellidae 

2  Myzus  persica*  (Sulzer),  Order  Homoptera,  Family  Aphididae. 
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plant,  potato,  the  Cruciferse,  cucurbits,  and  other  vegetables.  Us  life  cycle  on  the 
peach  is  discussed  on  page  610.  On  Bpinach  and  oilier  vegetables  the  best  control  is 
the  use  <>f  a  3  per  cent  nicotine  dust,  ;»(  the  rate  <>f  30  or  more  pounds  per  acre. 

Spinach  Leaf  Miner1 

Importance  and  Type  of  Injury.  —  Blasted  spots  or  blister-like  blotches 
appear  OE  the  leaves  of  spinach,  chard,  and  related  plants,  where  small 
maggots  have  eaten  out  the  tissue  of  the  leaf  between  upper  and  lower 
surfaces.     The   Leaf  vegetables  are  rendered  unfit  for  greens,   and   the 


Fig.  332. — Spinach  leaf  miner,  Pegomyia  hyoscyami  Panzer:  1,  eggs  on  leaf,  greatly 
magnified;  2,  maggot  or  larva,  the  mouth  hooks  at  a;  3,  puparium:  5,  male  adult 
above;  5'  female  adult,  about  four  times  natural  size.  (From  N.  Y.  (Geneva)  Agr.  Exp. 
Sta.  Bull.  99.) 

development  of  seeds  and  roots,  such  as  beets,  is  decreased  by  the  partial 
defoliation. 

Plants  Attacked. — Spinach,  beet,  sugar  beet,  chard,  mango,  and 
many  weeds,  including  chickweed,  lamb's  quarters,  and  nightshade. 

Distribution. — Probably  introduced  from  Europe  previous  to  1880, 
it  is  now  generally  distributed  over  the  United  States  and  Canada. 

Life  History,  Appearance,  and  Habits. — The  winter  is  probably 
passed  mostly  in  puparia  (Fig.  332,  3)  in  the  soil.  In  April  and  May 
the  slender-bodied,  grayish,  black-haired,  two-winged  flies  (5),  about 
1  i  inch  long,  appear  in  the  fields,  and  the  females  deposit  small  white 

1  Pegomyia  hyoscyami  Panzer,  Order  Diptera,  Family  Anthomymhe. 
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eggs  (Fig.  332,  I),  one  to  five  in  a  place,  on  the  underside  of  fche  leavi 

Upon  hatching,  the  tiny  maggot  at  first  cats  a  slender,  winding  mine  in 
the  leaf,  but  as  it  increases  in  size  the  mine  is  widened  to  form  a  blotch 
that  often  joins  the  mines  of  other  maggots  in  the  same  leaf.  The; 
maggots  (2)  may  migrate  from  leaf  to  leaf,  and  become  full-grown  in 
1  to  3  weeks.  Pupation  takes  place  chiefly  in  the  upper  2  or  '5  inches  of 
the  soil,  but  some  transform  among  trash  on  the  ground  or  even  in  the 
larval  mines.  Within  2  to  4  weeks  the  adults  appear  from  the  pupae 
and  start  a  new  generation.  Three  or  four  generations  may  be  complet  e<  1 
during  the  season. 

Control  Measures. — The  increase  of  the  flies  may  be  checked  by 
destroying  their  host  weeds.     No  practical  control  has  been  developed. 

References. — N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  99,  1896;  Ann.  Applied  Biology, 
Vol.  1,  pp.  43-76,  1914. 

Carrot  Rust  Fly1 

Importance  and  Type  of  Injury. — Celery  plants,  after  getting  a  good  start,  wilt, 
and  the  outer  leaves  turn  yellow,  on  account  of  the  eating  off  of  most  of  the  fibrous 
roots  by  a  very  slender  yellowish-white,  legless  maggot,  about  %  inch  long  when 
full-grown.  Carrots  and  parsnips  become  stunted,  and  the  lower  end  of  the  taproot 
is  found  to  be  eaten  off.  In  severe  attacks,  the  entire  root  becomes  scarred  and 
riddled  with  the  burrows  of  the  larvse,  the  burrows  taking  on  a  rust-red  color.  Injury 
may  continue  in  stored  carrots  if  the  temperature  is  favorable. 

Plants  Attacked. — Carrots,  parsnips,  celery,  parsley,  celeriac,  wild  carrots. 

Distribution. — Starting  near  Ottawa  in  1885,  as  an  importation  from  Europe, 
the  insect  has  spread  over  much  of  eastern  Canada  and  the  United  States  as  far  west 
as  Oregon. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the  slender  brown 
puparia,  about  }i  inch  long,  buried  in  the  soil,  or  as  maggots  in  the  roots.  The  flies 
are  abroad  in  May,  and  deposit  eggs  about  the  base  of  the  plants  from  which  the  mag- 
gots issue  and  work  down  in  the  soil  to  attack  the  tender  tip  of  the  root.  As  they 
increase  in  size  and  numbers,  nearly  the  entire  root  system  may  be  destroyed  during 
the  month  or  more  while  the  larvae  are  growing.  The  pupal  stage  is  passed  in  the  soil 
near  the  roots,  and  a  partial  second  brood  of  flies  emerges  in  August  to  attack  late 
carrots  and  celery. 

Control  Measures. — No  practical  control  for  this  insect  has  been  worked  out, 
but  it  is  possible  that  the  control  with  Bordeaux-oil  emulsion  recommended  for  the 
onion  maggot  would  be  effective  against  this  insect  (see  page  492). 

Reference.— U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  33,  1902. 

Carrot  Beetle2 

Importance  and  Type  of  Injury. — The  roots  of  celery,  carrot,  and  parsnip  are 
gouged  by  the  feeding  of  broad,  reddish-brown,  stout-legged  beetles,  about  \$  inch 
long,  and  slightly  over  half  as  wide  (Fig.  333). 

Plants  Attacked. — Carrot,  parsnip,  celery,  beet,  potato,  cabbage,  corn,  cotton, 
sunflower,  dahlia,  and  other  crops,  and  weeds,  especially  Amaranthus. 

Distribution. — Over  much  of  the  United  States  except  the  most  northern  states. 

1  Psila  rosce  Fabricius,  Order  Diptera,  Family  Psilidae. 

2  Ligyrus  gibbosus  De  Geer,  Order  Coleoptera,  Family  Scarabseidre. 
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Life  llistori/,  A /)/>< tarance,  and  Habits.  The  adult  beetles  winter  in  the  soil  to  a 
depth  of  4  feet,  emerge  in  Bpring  and  lay  eggs  at  night  in  the  soil.  The  eggs  increase 
greatly  in  size  before  hatching.     The  larva-  resemble  the  common  white  grubs,  being 

curved  and  white  with  a  bluish  c:ist  and  red-brown  heads.     They  feed  largely  on 
grasses  and  decaying  vegetal  i<>n  in  the  soil,  but  often  attack  the  roots  of  crops,  a  dozen 
or  more  beetles  sometimes  being  found  around  a  single  plant.     A  generation  is  com- 
pleted in  a  year,  the  adults  being  present  and  injurious  from  late  April  to  August. 
Control    Measures. — No    successful    control 

measure  is  known. 

Reference. — Jour.  Econ.  Entomol.,  Vol.  10, 
p.  253,  1917. 

Sioak-beet  Root  Aphid1 

Aphids  are  frequently  found  on  the  roots  of 
the  vegetables  in  this  group.  One  of  the  most 
destructive  is  the  sugar-beet  root  aphid,  which 
is  found  in  the  western  half  of  the  United  States 
on  the  roots  of  sugar  beets,  beets,  mangels,  and 
many  weeds,  such  as  lamb's  quarters,  yarrow, 
dock,  goldenrod,  and  grasses.  It  reduces  both 
the  size  and  the  quality  of  the  beets  by  sucking 
the  sap  from  the  roots. 

The  insects  winter  in  part  as  fertilized  eggs 
on  the  bark  of  poplar  trees,  and  in  part  as  wing- 
less females  on  the  roots  of  herbaceous  plants. 
The  insects  are  yellow  in  color  and  have  a  mass 
of  fine  cottony-looking,  waxy  threads  toward 
the  end  of  the  body,  so  as  to  appear  like  white  mold  on  the  roots.  A  migration  of 
winged  aphids  from  the  poplars  to  beets  takes  place  in  July,  and  a  return  migration  to 
poplars  in  September  and  October. 

Control  Measures. — Where  beets  are  grown  on  irrigated  land,  aphids  can  be  kept 
in  control  and  the  yields  increased  by  giving  five  or  more  irrigations  at  10-day  inter- 
vals, during  July  and  August. 

Reference. — Jour.  Econ.  Entomol.,  Vol.  7,  pp.  136-141,  1914. 

J.  INSECTS  INJURIOUS  TO  ASPARAGUS 

FIELD  KEY  FOR  THE  DETERMINATION  OF  INSECTS  INJURING  ASPARAGUS 

1.  Young  shoots  are  gouged  and  scarred  and,  later  in  the  season,  the  foliage  is 
devoured  and  the  stems  scarred,  by  hordes  of  brilliant,  blue-,  red-,  and  yellow-spotted 
beetles,  about  34  inch  long,  and  by  their  slug-like,  dull-gray  larva?.  Eggs,  \\&  inch 
long,  and  dark  brown  are  found  standing  on  end  in  rows  like  the  teeth  of  a  comb, 
along  the  stems  and  leaves.     Asparagus  beetle,  page  516. 

2.  New  shoots,  foliage,  and  stems  scarred  and  chewed  by  a  light-brown  to  reddish 
orange,  rather  straight-sided  beetle,  a  little  over  Y±  inch  long,  with  six  small  black 
spots  scattered  over  each  wing  cover.  Orange  to  brownish  larva'  }i  inch  long  feed 
mostly  in  the  berries.  Eggs  laid  flat  on  their  sides.  Twclve-spottcil  asparagus  bet  tie, 
page  517. 

3.  Whitish,  legless  and  headless  maggots,  up  to  '.-,  inch  long,  mine  beneath  the 
epidermis  of  the  stems,  sometimes  girdling  the  plants  and  causing  them  to  yellow  and 


Fig.  333. — The  carrot  beetle,  Ligyrus 
gibbosus  De  Geer,  adult.  The  line 
indicates  natural  size.  (From  III.  State 
Nat.  Hist.  Sur.) 


1  Pemphigus  beta  Doane,  Order  Bomoptera,  Family  Aphidids. 
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die.     Adults  are  small,  black,  slimy  two-winged  flies,  ',,  inch  long.     Asparagus  mii 

page  518. 

Asparagus  Beetle1 

Importance  and  Type  of  Injury. — Wherever  asparagus  is  grown,  in  the 
area  infested  by  this  insect,  the  voracious  beetles  (Fig.  334)  make  their 
appearance  as  soon  as  the  shoots  push  above  the  soil  in  the  spring.  They 
gnaw  out  the  tender  buds  at  the  tips  and  cause  the  tips  to  be  scarred  and 
browned.  The  eggs  are  also  deposited  in  great  numbers  on  the  tips  and 
make  the  plants  unfit  for  sale.  After  the  leaves  come  out,  the  beetles 
and  their  grayish  slug-like  larva?  gnaw  the  surface  of  the  stems  and  devour 
the  leaves,  thus  robbing  the  root  system  of  the  food  materials  needed  to 
form  a  good  crop  of  shoots  the  following  season.  The  larva?  also  excrete 
a  black  fluid  that  stains  the  plants.  The  injury  is  especially  serious  in 
new  beds. 

Plants  Attacked. — Asparagus  only,  so  far  as  known. 

Distribution. — The  northeastern  fourth  of  the  United  States,  from 
Missouri  eastward  and  from  Tennessee  and  North  Carolina  northward 
into  Canada;  also  throughout  much  of  California  and  Colorado  and 
Oregon.  The  insect  is  an  importation  from  Europe,  first  found  in 
America  on  Long  Island  in  1860.  In  Illinois  it  first  became  destructive 
from  1910  to  1915. 

Life  History,  Appearance,  and  Habits. — The  beetles  winter  in  sheltered 
places  such  as  decayed  or  split  fence  posts  and  under  loose  bark  of  trees. 
Egg  laying  begins  soon  after  they  appear  in  the  field  in  April  or  May. 
Shoots  of  asparagus  are  often  seen  which  are  literally  blackened  by 
hundreds  of  eggs,  all  standing  on  end  in  rows  of  from  three  to  eight  (Fig. 
334).  The  eggs  hatch  within  a  week,  and  the  very  small  grubs  migrate 
to  the  tips  of  the  leaves  and  begin  feeding  upon  them.  The  later  stages 
are  similar  to  the  young  except  for  a  gradual  increase  in  size  up  to  Y%  mcn 
long.  The  color  is  dull  gray,  with  black  head  and  legs.  The  body  is 
smooth  and  the  abdomen  provided  with  short  prolegs.  After  feeding  for 
10  days  to  2  weeks,  the  larva?  disappear  into  the  soil  and  form  a  yellowish 
pupa.  A  week  or  two  later  the  new  adults  emerge  from  the  soil  and 
promptly  start  another  generation.  Each  generation  requires  from  3  to 
7  or  8  weeks,  and  there  are  from  two  to  five  generations  in  the  course  of  a 
year.  Cold  weather  kills  the  eggs  and  larva?  and  drives  the  beetles  into 
hibernation.  The  insect  appears  to  be  much  less  destructive  in  wet 
seasons.     The  appearance  of  the  adult  is  described  in  the  key  (p.  515). 

Control  Measures. — Newly  set  beds  should  be  sprayed  or  dusted  with 
arsenate  of  lead  as  soon  as  the  beetles  appear  and  again  after  the  foliage 
is  fully  formed.  For  a  spray,  use  3  pounds  arsenate  of  lead  and  3  pounds 
of  soap  in  50  gallons  of  water.     Keeping  down  volunteer  plants  and 

1  Crioceris  asparagi  Linne,  Order  Coleoptera,  Family  Chrysomelidae. 
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cutting  the  shoots  very  clean  every  day  or  two  will  fond  to  remove  the 
eggs  before  I  he  larvae  can  esl ablish  themselves  in  i  he  patch.  A  few  plants 
here  and  there  may  be  Left  to  grow  and  kept  covered  with  the  spray. 

After  cutting  season  the  plants  should  be  dusted  with  arsenate  of  lead,  1 
pari  to  8  or  10  parts  of  Lime,  or  sprayed  as  recommended  above,  not  only 
to  lessen  the  injury  to  the  development  of  the  plants,  but  also  to  reduce 


Fig.  334. — Asparagus  beetle,  Crioceris  asparagi  Linne.  At  left,  eggs  on  asparagus 
shoots,  natural  size;  at  right,  adult  and  larva,  about  four  times  natural  size.  (From  Conn. 
Agr.  Exp.  Sta.  45th  Rept.,  1921.) 

the  number  of  beetles  the  following  spring.  The  spray  may  be  applied 
with  a  potato  sprayer  by  raising  the  booms  high  enough  to  avoid  injuring 
the  plants. 

Reference— U .  S.  Dept.  Agr.  Farmers'  Bull.  837,  1917. 


Twelve-spotted  Asparagus  Beetle1 

Importance  and  Type  of  Injury. — Injury  by  the  adult  is  the  same  as  by  the  aspara- 
gus beetle,  and  the  gnawing  is  especially  noticeable  on  the  young  shoots.     The  larvae, 

1  Crioceris  duodecimpunctata  Linne,  Order  Coleoptera,  Family  Chrysomelids. 
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however,  do  little  damage,  since  they  feed  almost  entirely  in  tin*  fruits  or  ben 
In  some  sections  tins  Bpecies  is  more  abundant  and  destructive  than  the  former. 
Plant*  Attacked,-   Asparagus  only. 

Distribution. — Imported  from  Europe  some  time  previous  to  1881,  when  it  was 
reported  in  Maryland,  the  insed  has  now  spread  over  much  the  same  territory  as 
the  asparagus  beetle.  It  was  first  taken  in  Illinois  in  1925;  it  has  not  been  recorded 
from  the  states  west  of  the  Mississippi. 

Life  History,  Appearance,  and  Habits. — The  life  history  is  similar  to  that  of  its  close 
relative,  described  above.  The  adults,  which  are  briefly  described  in  the  key,  appear 
a  little  later  in  the  spring  and  do  not  lay  eggs  until  shortly  before  the  berries  form. 
The  dark-green  eggs  are  glued  on  their  sides  to  the  leaves  and  hatch  in  1  to  2  weeks. 

The  larvae,  before  they  become  full-grown,  usually  destroy 
t  hive  or  four  berries,  by  eating  out  the  seeds.  Pupation 
takes  place  in  the  soil.  The  new  adults  (Fig.  335) 
appear  in  late  July  and  another  generation  in  early 
September. 

Control   Measures. — The  same   as  for  the  asparagus 
beetle. 

References— U.  S.  Dept.  Agr.  Farmers'  Bull.  837,  1917; 
N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  331,  1913. 

Asparagus  Miner1 

Importance  and  Type  of  Injury. — The  maggots  of  this 
small  fly  mine  up  and  down  the  stems  of  asparagus  just 
beneath  the  surface,  near  the  base  of  the  plant.  Where 
abundant  they  may  girdle  the  plants,  causing  the  foliage 
to  yellow  and  die  prematurely. 
Plants  Attacked. — Asparagus. 

Distribution. — Northeastern  United  States  and  south- 
ern Canada  and  also  California. 
Life  History^  Appearance,  and  Habits. — The  insect  winters  in  puparia  in  the 
larval  tunnels  under  the  epidermis  of  the  steins  and  from  1  to  6  inches  below  the 
surface  of  the  soil.  The  flies  appear  in  the  fields  the  latter  half  of  May  and  thrust 
their  eggs  beneath  the  epidermis  of  the  stem  near  or  below  the  surface  of  the  soil. 
The  egg  stage  lasts  2  or  3  weeks,  and  the  larva4  feed  for  about  the  same  period  before 
pupating.  In  3  weeks  more,  chiefly  in  July,  the  new  adults  are  abroad,  and  the  second- 
generation  larvae  mine  in  the  stems  during  late  summer.  There  are  two  generations 
a  year. 

Control  Measures. — The  rust-resistant  strains  of  asparagus  are  said  to  be  less 
injured  by  this  insect.  If  old  stalks  are  pulled  up  and  burned,  the  puparia  in  the 
stems  will  largely  be  destroyed.  Spraying  with  nicotine  sulphate  1  part  to  500  parts 
of  soapy  water,  will  destroy  many  of  the  larvae  in  their  galleries.  In  irrigated  dis- 
tricts, winter  flooding  is  recommended. 

References. —  U.  S.  Dept.  Agr.  Bur.  Entomol.  Circ.  135,  1911;  N.  Y.  (Cornell)  Agr. 
Exp.  Sta.  Bull.  331,  1913. 

A'.  INSECTS  INJURIOUS  TO  SWEET  CORN 

The  insects  of  sweet  corn  are,  without  exception,  the  same  as  those  of 
field  corn,  already  discussed  in  Chapter  XI.  One  of  the  most  destructive 
to  sweet  corn  is  the  corn  earworm,  which  eats  the  kernels  at  the  end  of  the 

1  Agromyza  simplex  Loew,  Order  Diptera,  Family  Agromyzidae. 


Fig.  335. — Twelve-spot- 
ted asparagus  beetles, 
Crioceris  duodecim  punctata 
Linne.  Four  times  natural 
size.  (From  Conn.  Agr. 
Exp.  Sta.  45th  RepL,  1921.) 
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ears  (see  p.  350).  In  Beasons  when  this  insect  is  abundant,  nearly  every 
car  will  be  attacked  by  the  worms,  rendering  the  cars  repulsive  to  the 
consumer  and  causing  almost  insurmountable  difficulties  to  the  canners. 
Sometimes  the  ends  of  lightly  infested  ears  are  cut  off  before  marketing, 
thus  removing  most  of  the  worms.  The  insect  can  be  controlled  on  sweet 
corn  by  dusting  the  silk  at  the  ends  of  the  ears  with  arsenate  of  lead  or 
calcium  arsenate,  mixed  with  equal  parts  of  very  fine  dusting  sulfur, 
conveniently  applied  with  a  puff  duster.  This  poisons  many  of  the  worms 
as  they  eat  their  way  through  the  silk  to  the  ear.  Since  the  ears  do  not 
all  silk  at  once  and  the  eggs  hatch  over  a  long  period  of  time  it  is  necessary 
to  make  three  to  five  applications  at  intervals  of  5  days.  The  cost  is  about 
$10  an  acre  for  the  season.  If  corn  can  be  produced  to  be  past  the  fresh-silk 
stage  before  the  moths  become  abundant,  they  will  pass  it  by  and  lay 
eggs  elsewhere.  In  the  latitude  of  northern  Illinois,  early-maturing  or 
early-planted  corn  is  injured  least,  while  in  the  latitude  of  central  and 
southern  Illinois  medium  plantings  suffer  least. 

In  the  area  where  it  is  abundant,  the  European  corn  borer  is  by  far 
the  most  destructive  pest  of  sweet  corn.  Sweet  corn  is  more  severely 
injured  than  field  corn  because  of  the  smaller  stalks.  The  control  of  this 
pest  so  far  as  it  has  been  developed  is  given  on  page  336. 

The  soil-infesting  larvae  such  as  white  grubs,  wireworms,  and  cut- 
worms are  especially  destructive  to  gardens  when  planted  on  sod  land. 
This  practice  should  never  be  followed.  Sod  land  that  is  to  be  put  to 
trucking  should  be  seeded  to  clover,  alfalfa,  or  small  grains  for  at  least  one 
year.  Gardens  surrounded  by  the  favored  food  trees  of  the  May  beetles 
are  especially  liable  to  injury  by  white  grubs  every  year. 

Since  corn  insects  of  many  kinds,  notably  the  northern  corn  root- 
worm  and  corn  root  aphid,  accumulate  and  increase  in  numbers  when 
corn  is  planted  year  after  year  on  the  same  soil,  sweet  corn  should  not  be 
planted  in  fields  that  have  been  in  corn  for  several  years.  Sweet  corn 
will  never  be  injured  severely  by  the  northern  corn  root  worm  unless 
grown  in  soil  that  has  been  in  corn  for  1  or  more  years  previously.  For  the 
corn  root  aphid,  the  cultivation  of  the  soil  suggested  on  page  317  will  be 
most  effective. 

Army  worms  and  grasshoppers  are  periodically  very  destructive,  but 
can  always  be  brought  under  control  by  the  use  of  poisoned-bran  bait. 
It  may  be  necessary  in  the  case  of  small  gardens,  to  apply  the  poisoned 
bait  to  surrounding  fields.  Keeping  down  the  growth  of  weeds  about 
gardens  will  help  in  the  control  of  many  pests  of  corn,  especially  the  corn 
root  aphid  and  the  common  stalk  borer. 

For  further  information  regarding  the  special  control  of  insects  on 
sweet  corn,  see  pages  300  to  353. 


CHAPTKK  XVII 
INSECTS  INJURIOUS  TO  DECIDUOUS  FRUITS  AND  BUSH  FRUITS 

A  large  number  of  insects  find  their  favorite  or  only  food  supply  on  t  he 
roots,  trunk,  branches,  leaves,  or  fruit  of  our  deciduous  tree  and  bush 
fruits.  Many  of  the  insects  which  formerly  fed  on  the  fruits  or  foliage  of 
uncultivated  plants  have  found  the  abundant  food  supply  furnished  by 
large  orchards  or  plantations  of  the  bush  fruits  much  to  their  liking,  and 
now  feed  almost  exclusively  on  these  cultivated  crops.  The  world-wide 
commerce  in  fruits  and  fruit-producing  plants  has  led  to  the  importation 
and  general  spread  of  many  serious  fruit  pests  in  this  and  other  countries. 
In  most  parts  of  this  country  it  is  now  impossible  to  produce  marketable 
fruit,  regardless  of  the  fertility  of  the  soil,  favorable  climate  or  varieties 
grown,  unless  the  insects  are  controlled.  In  other  words,  insects  have 
come  to  be  the  limiting  factor  in  fruit  production. 

In  the  United  States  and  Canada,  fruit  trees  are  subject  to  attack  by 
many  insects,  among  which  are  several  that,  in  a  single  season,  may  ruin 
the  crop  or  even  destroy  the  trees  of  a  well-established,  mature  orchard. 
The  most  important  of  these  fruit  insects  are  discussed  in  the  following 
order: 

A.  Apple  Insects,  page  521. 

B.  Pear  Insects,  page  586. 

C.  Quince  Insects,  page  593. 

D.  Peach  Insects,  page  594. 

E.  Plum  Insects,  page  612. 

F.  Cherry  Insects,  page  614. 

G.  Apricot  Insects,  page  618. 
77.  Grape  Insects,  page  619. 

I.  Currant  Insects,  page  631. 

J.  Gooseberry  Insects,  page  636. 

K.  Raspberry  Insects,  page  637. 

L.  Blackberry  Insects,  page  640. 

M.  Strawberry  Insects,  page  640. 

General  Reference. — Slingerland  and  Crosby,  "  Manual  of  Fruit  Insects,"  The 
Macmillan  Company,  1915. 
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A.   APPLE  INSECTS 
FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  THE  APPLE 

.1.    Inserts  that  horc  into  the  trunk  and  hranrhcs: 

1.  Shallow,  irregular  burrows  in  the  inner  bark,  mostly  on  the  sunny  sides  of  apple 
and  other  trees.     During  the  early  summer  months,  dark,  olive-gray,  Battened  beetles, 

aboul  l_>  inch  long,  blunt  at  the  head  end  and  tapering  to  a  rounded  point  at  the  tail, 
and  with  metallic-colored,  roughened,  wing  covers  will  be  found  on  the  sunny  parts 
of  the  trunk  and  branches.  White,  flattened,  legless  grubs  from  ^  to  1  inch  long, 
with  the  body  greatly  enlarged  just  behind  the  head,  are  found  in  the  shallow  burrows 
Under  the  bark.     Flat-headed  apple-tree  borer,  page  526. 

2.  Nearly  round  holes,  a  little  larger  than  a  lead  pencil,  in  the  lower  parts  of  the 
trunks  of  apple  trees.  Bits  of  yellowish-brown  frass  or  sawdust  forced  from  small 
holes  in  the  bark  at  the  base  of  apple  trees.  Yellowish-white,  legless  grubs  up  to  1 
inch  long,  with  strong  brown  jaws  and  body  enlarged  but  not  flattened  just  behind 
the  head,  bore  in  the  inner  bark  and  wood  of  trees  about  the  base.  Velvety  brown, 
cylindrical  beetles,  about  1  inch  long,  with  two  conspicuous  white  stripes  on  the  back, 
crawling  over  the  trunk  and  feeding  on  the  foliage  of  apple  from  June  to  September. 
Round-headed  apple-tree  borer,  page  527. 

3.  Many  small  round  holes,  about  the  size  of  a  No.  6  shot,  in  the  bark  of  the  trunk 
and  branches  of  apple;  seldom  occur  except  on  trees  lacking  in  vigor.  Small,  black 
beetles  about  Ho  mcn  l°ng>  the  body  blunt  at  either  end,  crawling  over  the  bark  and 
excavating  small  holes,  usually  starting  at  the  base  of  a  bud  or  twig.  Underneath  the 
bark  arc  numerous,  fine,  sawdust-filled  burrows  up  to  4  inches  in  length,  radiating  from 
a  short  parent  gallery,  and  often  containing  small  white  grubs.  Shot-hole  borer,  page 
530. 

4.  Small  holes  through  the  bark  of  apple  somewhat  smaller  than  A,  3,  but  extend- 
ing directly  into  the  wood,  where  they  branch  several  times.  Burrows  in  the  wood 
usually  stained  a  dark  color.  Brownish,  or  brownish-black,  blunt-ended,  minute 
beetles,  working  in  these  holes  and  occasionally  crawling  over  the  bark  of  the  tree. 
Pin-hole  borers,  page  532. 

B.  Insects  that  injure  apple  twigs  and  branches: 

1.  Twigs  and  small  branches  of  apple,  up  to  2  feet  in  length,  are  pruned  off,  espe- 
cially on  young  trees.  Injury  occurs  during  May  and  the  first  of  June.  At  this  time, 
large  grayish  snout  beetles,  nearly  %  inch  long,  with  bodies  spotted  with  black,  may 
be  found  resting  on  the  trees,  or  cutting  off  the  twigs  and  buds.  Injury  occurs  only 
in  the  vicinity  of  woodlands  or  on  newly  cleared  ground.     New  York  weevil,  page  532. 

2.  Buds  of  apple  and  the  newly  set  fruit  cut  off  by  grayish,  plump-bodied,  snout 
beetles,  slightly  smaller  than  B,  1.  Beetles  are  about  x/i  inch  in  length,  of  a  greenish- 
gray  color,  with  two  irregular  light  bands  across  the  wing  covers.  The  wing  covers 
are  bent  down  at  the  end  and  terminate  in  an  acute  angle.  Body  covered  with 
overlapping  scales.     Imbricated  snout  beetle,  page  533. 

3.  Twigs  and  small  branches  of  apple  and  many  other  trees  split  and  scored  where 
bark  of  twigs  has  been  pushed  back  and  the  wood  at  short  intervals  raised  in  small 
bundles  of  splinters,  with  double  row  of  egg  punctures  beneath.  During  May  and 
June,  wedge-shaped,  transparent-winged,  black-bodied  insects,  about  \l/z  inches  long, 
blunt  at  the  head  end  and  with  conspicuous  eyes  at  each  corner  of  the  head,  resting 
(in  the  foliage,  or  flying  about  the  trees.  Many  of  them  utter  a  shrill,  high-pitched 
song.     Periodical  cicada,  <»r  seventeen-year  locust,  page  533. 

4.  Double  rows  of  punctures  or  slits,  aboul  !  i  inch  long,  in  the  bark  of  twigs  and 
branches,  usually  most  abundant  in  trees  standing  in  sod  or  BUrrounded  by  weeds  and 
grasses.     Slits  are  crescent   shaped   and   farthest    apart  at   the   middle.     The  scars 
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remain  on  the  injured  twige  foi  d  years.     In  the  late  summer  and  early  fall, 

small,  triangular,  green,  very  active,  jumping  insects,  about  the  size  and  shape  oi  i 
beech  out,  make  these  punctures  in  the  twigs,  in  which  their  eggs  are  deposited, 
Buffalo  treehopper,  page  537. 
C.    Insects  that  suck  the  sap  of  the  apple: 

1.  Small  gray  or  brownish-gray  Bpots  about  ]>{§  inch  across,  each  with  a  central 
nipple,  on  twigs  and  fruit,  often  surrounded  by  reddish  or  pinkish,  inflamed-appearing 
areas.  Twigs  covered  with  a  gray  coating,  having  the  appearance  of  ashes.  If  tin- 
larger  grayish  dots  on  the  bark  are  lifted,  a  lemon-yellow,  soft-bodied  creature,  nearly 
the  size  of  a  pinhead,  will  be  found  beneath.  Trees  where  the  grayish  covering  occur- 
on  the  trunk  and  branches  have  thin,  yellow,  spotted  foliage,  often  in  a  dying  condition. 
San  Jose  scale,  page  539. 

2.  Grayish-white,  pear-shaped,  flat  scales,  about  %  inch  long,  adhering  tightly  to 
the  bark  of  branches  and  trunk.  Smaller,  three-ridged,  straight-sided  scales  scattered 
among  the  larger  pear-shaped  individuals.  In  the  winter,  the  larger  grayish-white 
scales  will  be  found  to  cover  a  number  of  small  reddish-purple  eggs.  In  the  summer, 
a  yellowish,  soft-bodied  sucking  insect  will  be  found  under  the  scale.  Scurfy  scale, 
page  543. 

3.  Brownish  to  grayish-brown,  hard,  polished  scales,  very  closely  resembling  a 
half  oyster  shell  in  appearance,  and  about  %  inch  in  length,  by  one-third  as  wide, 
adhering  tightly  to  the  bark  of  the  apple,  so  thick  as  to  overlap.  In  the  winter,  from 
40  to  60  pearly-white  eggs  will  be  found  under  most  of  the  larger  scales.  Scales 
oft  en  in  patches  on  the  bark.  Heavily  infested  trees  lacking  in  vigor  or  dying.  Fruit 
sometimes  specked  with  scales,  but  usually  lacking  in  reddened  areas  such  as  occur 
around  San  Jose  scale.     Apple  oyster-shell  scale,  page  544. 

4.  Greenish-black,  shiny  eggs  about  the  tips  and  buds  of  twigs.  Many  small, 
soft-bodied,  sucking  aphids,  clustered  on  the  buds  or  curling  the  newly  formed  leaves 
of  apple  trees  in  the  spring.  The  feeding  causes  the  dwarfing  of  the  fruit,  or  practically 
stops  growth,  although  the  apples  remain  on  the  tree.  Winged  and  wingless  aphids 
will  be  found  after  the  time  of  bloom.  Bodies  of  the  insects  with  a  distinct  waxy 
coating,  some  of  them  with  a  pinkish  tinge.  These  aphids  migrate  from  the  tree  by 
early  summer.     Rosy  apple  aphid,  page  545. 

5.  Dark,  greenish-black,  shiny  eggs  about  the  buds  and  in  crevices  in  the  bark 
during  the  winter.  Soft,  green-bodied  aphids  appear  on  the  buds  as  soon  as  the  green 
begins  to  show  in  the  spring.  These  aphids  continue  to  feed  on  the  buds,  new  growth, 
and  water  sprouts  throughout  the  summer,  often  causing  a  curling  of  the  new  growth. 
Some  dwarfing  of  apples,  as  in  C,  4.     Green  apple  aphid,  page  549. 

6.  Shiny,  greenish-black  eggs  on  twigs  and  bark  as  in  C,  5.  Large  numbers  of 
green-bodied  aphids  clustered  on  the  opening  buds.  They  nearly  all  leave  the  apple 
before  the  time  of  bloom.  Injury  by  this  species  is  very  slight.  Oat  aphid  or  apple- 
grain  aphid,  page  549. 

7.  White,  cottony  masses  of  waxlike  material  covering  the  backs  of  dark  purplish- 
brown  aphids  about  }4o  mcn  l°ng>  which  cluster  on  wounds  along  the  trunk  and 
branches  of  apple  and  other  trees.  Large  knots  on  the  roots  and  underground  parts 
of  the  stem,  often  with  short,  fibrous  roots  extending  from  the  knotted  areas.  Woolly 
apple  aphid,  page  550. 

8.  Small  greenish,  active,  slender,  winged  insects,  about  %  mcn  l°ng>  accompanied 
by  pale,  greenish-white,  wingless,  active  nymphs,  sucking  the  sap  from  the  underside 
of  leaves  of  apple.  Foliage  of  infested  trees  pale  in  color,  with  small  white  dots 
showing  on  the  leaf;  new  foliage  curled,  leaf  margins  slightly  burned;  and  very  small 
black  specks  of  excrement  on  the  fruit.     Apple  leaf  hoppers,  page  552. 

9.  Large  numbers  of  reddish,  minute,  rounded  eggs  on  the  ends  of  twigs  of  apple 
during  the  winter.      Very  small,  yellowish-green  or  reddish,  eight-legged  mites,  about 
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'.-.o  inch  long,  feeding  on  the  underside  of  foliage  of  apple  and  other  trees.  Infested 
foliage  Iims  :i  pale,  sickly  appearance.  Numerous  delicate  webs  over  the  foliage  and 
other  parts  of  the  tree.     Red  spider,  page  448. 

10.  Similar  to  C,  9,  hut   eggs  somewhat    larger  and   more  reddish   in  color,  often 

occurring  in  such  numbers  as  to  give  a  reddish  tinge  to  the  t  wi^s.     Infested  treec  with 

pale   foliage  which   sometimes  drops  off  during   late  summer.      Small,    eight-legged, 

reddish  mites  ahout    '.■{,>  inch  long,  with  very  long  front  Legs,  working  on  the  underside 

of  the  foliage.     Clover  mite,  page  563. 

1 1.  Leaves  of  apple,  plum,  peach,  and  other  fruits  show  a  pale,  sickly  appearance, 
or  with  brownish  red  specks.     At  a  distance,  foliage  has  t he  appearance  of  being  du 
Very  light  webs  over  the  surface  of  the  leaves,  upon  which  are  crawling  minute,  red- 
dish, eight-legged  mites.     European  red  mite,  p.  554. 

12.  Very  small,  elongated,  four-legged  whitish  mites,  about  ^25  inch  in  length, 
under  hark  of  trees  during  the  winter.  Dark  brown,  blister-like,  scabby  areas  on  the 
leaves  and  occasionally  on  the  fruit.  Badly  infested  trees  with  distinct  yellowish 
tinge  to  the  foliage.     Pear  leaf  blister  mite,  page  590. 

I).  Insects  thai  cat  the  leaves: 

1.  Very  small,  dull-black,  snout  beetles  about  3/io  inch  long,  which  hop  vigorously 
when  disturbed,  eat  small  holes  in  the  underside  of  leaves  from  the  time  when  the 
foliage  first  starts  until  midsummer.  Foliage  of  heavily  infested  trees  has  the  appear- 
ance of  having  been  riddled  with  fine  bird  shot.  Yellowish-brown  mines  start  near 
the  center  of  the  leaf  and  run  to  conspicuous  blister-like  cells  in  the  outer  leaf  margin. 
Apple  flea  weevil,  page  558. 

2.  Foliage  of  apple  skeletonized  and  eaten  off  by  grayish  or  brownish  measuring 
worms  about  1  inch  in  length,  with  three  pairs  of  legs  near  the  head  and  two  pairs  of 
prolegs  near  the  end  of  the  body.  Damage  occurs  in  the  spring  about  the  time  the 
trees  have  come  into  full  foliage.  Injured  trees  have  the  appearance  of  having  been 
scorched  by  fire.  The  caterpillars  causing  the  injury  spin  down  from  the  foliage  on 
silken  threads  when  the  trees  are  jarred  or  the  insects  are  disturbed.  Grayish, 
wingless,  soft-bodied,  spider-like  moths,  crawling  up  the  trunk  of  the  trees  in  the 
spring  and  mating  with  grayish-brown  males,  with  wings  about  13^  inches  across. 
Spring  canker  worm,  page  555. 

3.  Injury  and  appearance  of  insects  the  same  as  in  D,  2,  except  the  moths  appear  on 
trunks  of  trees  during  the  fall,  and  the  caterpillars  have  three  pairs  of  prolegs  instead  of 
two.  Injury  to  the  trees  occurs  at  the  same  time  in  the  spring.  Fall  cankerworm, 
page  557. 

4.  Leaves,  especially  those  at  tips  of  new  growth  near  the  top  of  the  tree,  skele- 
tonized or  eaten  out  in  part,  by  dark  green,  active  caterpillars  with  four  shining  black 
tubercles  on  the  back  just  behind  the  head.  Caterpillars  web  two  or  three  leaves 
together  and  feed  within  the  enclosed  area.  Injury  is  most  severe  during  the  late 
summer  and  early  fall.     Apple  leaf  skeletonizer,  page  559. 

5.  Very  tough,  blackish,  conspicuously  curled  cases,  about  Y\  mcn  l°n£>  usually 
partly  enclosed  in  one  or  two  dead  leaves,  attached  to  the  ends  of  twigs  and  in  the 
forks  of  small  twigs  during  the  winter.  Cases  enclose  dark  brown  hairy  caterpillars, 
about  \{i  inch  long,  which  eat  out  the  opening  buds  in  the  spring.  Fruit  sometimes 
specked  with  small  feeding  punctures  during  August.     Leaf  arum />/<  r,  page  560. 

6.  Tiny,  brownish-gray,  tough,  silken  cases  about  }£  inch  long,  bent  at  the  top, 
so  that  they  roughly  resemble  a  pistol  in  outline,  standing  out  at  right  angles  to  twigs 
and  branches  during  the  winter.  Brown  worms,  about  3s  mch  long,  sheltering  in  these 
cases,  feed  on  the  newly  opening  buds  in  the  spring,  and  on  the  fruit  and  foliage  during 
the  late  summer.     Pistol-case  bearer,  page  561. 


524  destructive  AND  U8BFI  I  INSECTS 

7.  Cases  attached  al  right  angles  on  the  twigs  and  branches  as  in  /),  6,  but  c 

not   bent  over  at  the  top.     In  the  spring  the  insect   moves  about  over  the  leaves 
eating  or  mining  out  small  areas.     ('Kjiir-cusi  bearer,  page  663. 

S.  The  newly  opening  buds  and  leaves  <>t"  tin-  apple  an-  led  upon  by  a  small  brown 
worm,  about  .'4  inch  long,  with  a  black  head;  leaves  and  buds  webbed  with  silk 
where  the  worm  is  feeding.  In  the  winter  small  silken  cases  containing  brown  worms 
are  attached  to  the  axil  of  the  bud  or  twig.  Fruit  on  infested  twigs  often  shows  small 
areas  of  feeding,  somewhat  resembling  injury  by  late  codling-moth  larva'.  Hud 
wemu  or  bud  moths,  page  503. 

9.  Loosely  woven  white  webs,  enclosing  the  leaves  of  several  branches,  within 
which  very  hairy,  pale-yellow,  black-spotted  caterpillars  may  be  found  feeding  on  Un- 
protected foliage.  Caterpillars  are  about  134  inches  long  when  full-grown.  The  webs 
contain  black  pellets  of  excrement,  giving  them  an  unsightly  appearance.  njury 
most  conspicuous  in  the  late  summer  and  early  fall.     Fall  web  worm,  page  564. 

10.  Large,  thick,  white  webs  in  the  forks  or  crotches  of  trees  in  the  early  spring; 
leaves  stripped  from  the  branches  within  a  considerable  distance  of  these  nests. 
Brownish-black,  hairy  caterpillars,  Y>  inch  to  2  inches  in  length,  with  a  light  stripe 
down  the  back,  sheltering  within  the  webs  during  the  day  time,  or  feeding  on  the  new 
foliage.  Silken  roadways,  or  paths  leading  from  the  web  to  other  parts  of  the  tree. 
Small,  shiny,  varnished  appearing,  black  egg  masses,  about  Yi  inch  long,  encircle 
small  twigs  during  the  winter.     Eastern  tent  caterpillar,  page  565. 

11.  Apple  leaves  skeletonized  by  yellow-striped,  hairy  caterpillars,  up  to  \Y 
inches  in  length,  with  two  pencil-like  tufts  of  long  black  hairs  projecting  in  front,  and  a 
single  similar  tuft  projecting  backward  from  near  the  tail.  Frothy,  white,  egg  masses, 
about  Yi  inch  across,  attached  to  grayish,  hairy,  empty  cocoons  on  folded  dead  leaves 
or  bark  will  be  found  on  the  twigs  and  branches  of  infested  trees  during  the  winter. 
White-marked  tussock  moth,  page  687. 

12.  During  the  winter  season,  several  leaves  tightly  webbed  together  and  firmly 
attached  to  a  twig  near  the  tip  of  a  branch,  enclose  from  25  to  several  hundred  small, 
dark-brown,  very  hairy  caterpillars  about  Y  inch  long.  If  caterpillars  or  their  hairs 
come  in  contact  with  the  skin,  a  distinct  burning  or  itching  results,  which  may  persist 
for  several  days.  White  moths,  with  brown  abdomens,  flying  in  great  numbers  at 
night,  during  July.  The  moths  are  strongly  attracted  to  lights.  Brown-tail  moth, 
page  692. 

13.  Pale-yellow  masses  of  eggs  about  1  inch  across,  with  a  felt-like  covering  of 
tawny  hairs,  attached  to  the  bark  of  trees,  or  on  buildings,  walls  and  other  objects 
during  the  winter.  Somewhat  flattened,  bluish,  stiff-haired  caterpillars,  feed  on  the 
foliage  of  all  kinds  of  deciduous  trees  and  also  upon  evergreens.  Caterpillars  with  five 
pairs  of  conspicuous  bluish  tubercles  on  the  back,  behind  the  head,  followed  by  six 
pairs  of  somewhat  larger,  red  tubercles  on  the  following  segments.  Foliage  often 
completely  stripped  from  trees  in  infested  areas.     Gypsy  moth,  page  690. 

14.  Yellow-  and  black-striped  caterpillars,  with  a  distinct,  ridged,  yellow  ring 
about  the  neck,  or  with  a  red  hump  just  back  of  the  head  with  a  row  of  black  spines 
projecting  from  it,  feed,  many  together,  on  the  foliage  during  the  summer  and  early 
fall.  Caterpillars,  when  full  grown,  are  \Y  to  2  inches  in  length.  They  rear  head  and 
tail  when  disturbed.  Small  trees,  or  single  branches  on  large  trees,  completely  strip- 
ped of  leaves  by  these  caterpillars.  Yellow-necked  and  red-humped  caterpillars, 
page  566. 

15.  Brownish  or  grayish,  winged,  vigorously  jumping  insects,  from  1  to  2  inches  in 
length,  with  conspicuous  heads  and  eyes,  feed  on  the  foliage  of  apple  during  the 
late  summer,  sometimes  stripping  the  trees  and  scoring  the  bark.  Grasshoppers, 
page  567. 
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/■:.  Insects  that  attack  tin-  fruit: 

1.  Apples  with  holes  eaten  in  the  flesh  of  the  fruit,  the  burrow  generally  running 

to  the  core,  and  BOedfl  more  or  less  injured.  Masses  of  dark  eastings  often  protruding 
from  these  holes  especially  at  the  calyx.      Pinkish-white,  brown-headed  worms,  about, 

•; ,  inch  long,  feeding  inside  the  apple,  or  resting  in  tough  cocoons  of  white  silk,  spun 
under  the  hark  on  the  trunk  or  in  other  shelters  about  the  tree.  Minute,  flat,  white, 
shiny  eggs,  three-fourths  the  size  of  a  pinhead,  on  the  leaves  adjacent  to  the  growing 
apples  or  on  the  skin  of  the  apple.      Codling  moth,  page  568. 

2.  Injury  similar  to  E,  1,  but  holes  in  the  apple  about  half  the  size,  seldom  reaching 
the  core,  usually  going  in  from  the  side  of  the  fruit.  Areas  of  varying  size  where  the 
larva  has  eaten  under  the  skin,  without  feeding  deeply  on  the  flesh.  Lesser  apple 
worm,  page  573. 

3.  Large,  irregular  cavities  eaten  in  the  sides  of  small  apples,  from  1  to  3  weeks 
after  the  fruit  has  set.  Green  worms  about  %  inch  long,  sometimes  with  fine  stripes 
on  the  sides,  are  found  on  the  twig  or  branch  adjacent  to  the  injured  apple  or  actively 
feeding  on  the  apple.  Apples  at  picking  time  deformed  or  misshapen,  with  brown, 
healed-over  cavities  in  the  sides.     Green  fruit  worms,  page  574. 

4.  Injury  resembling  E,  3,  but  injured  areas  much  more  shallow,  often  merely 
the  surface  of  the  apple  eaten  away.  Injury  most  common  where  the  leaves  rest 
against  the  fruit.  Very  active,  translucent,  greenish  worms,  with  four  white  stripes 
on  the  back,  the  outer  stripes  broader  than  the  inner  ones,  feeding  on  the  fruit,  or 
skeletonizing  the  leaves  during  early  summer.  Worms  about  %  inch  long  when  full 
grown.  Palmer  worms,  Dichomeris  ligulella  Hiibner  (see  N.  Y.  (Cornell)  Agr. 
Exp.  Sta.  Bull.  187,  1901). 

5.  Injury  similar  to  E,  3,  but  usually  including  nearly  all  the  apples  on  a  branch. 
Foliage  ragged  and  buds  eaten  off  by  small,  greenish-brown,  very  active  worms  about 
;!4  inch  long  when  full  grown.  Injury  occurs  from  the  time  the  buds  separate,  until 
about  4  weeks  thereafter.  Injured  leaves  rolled,  folded,  or  drawn  together  about  the 
fruit  with  light  silken  threads.  Apples  at  picking  time  with  brown,  scarred  areas  in 
the  sides.     Fruit  tree  leaf  roller,  page  575. 

6.  Fruits  of  apple  scarred  by  shallow  feeding,  most  common  where  a  leaf  touches 
the  fruit.  Skin  of  the  fruit  is  eaten.  Injury  occurs  late  in  the  season.  Red-banded 
leaf  roller,  Eulia  velutinana  Walker  (see  Penn.  Agr.  Exp.  Sta.  Bull.  169,  1921;  Va. 
Agr.  Exp.  Sta.  Bull.  259,  1927). 

7.  Newly  set  apples  with  crescent-shaped  punctures  in  the  side  of  the  fruit,  often 
with  a  small  hole  cut  on  the  inside  of  the  apex  of  the  crescent.  Early-injured  apples 
often  containing  small,  white,  fat-bodied,  footless  grubs.  Small,  round  cavities  or 
pits  eaten  in  the  surface  of  the  apple  from  midsummer  until  midfall.  Dark-brown 
snout  beetles,  about  3>i  inch  in  length,  with  grayish-white  patches  on  the  back  and 
four  slightly  raised  humps  on  the  wing  covers,  feeding  on  the  surface  of  the  fruit. 
Plum  curculio,  page  577. 

8.  Injury  similar  to  E,  7,  but  lacking  the  crescent-shaped  cuts.  The  cavities  are 
eaten  deeper  into  the  fruit,  and  are  often  close  together,  so  that  the  side  of  the  fruit 
may  be  peppered  with  small  holes  about  \^  inch  deep.  Apples  knotty,  misshapen, 
and  undersized.  Dead  areas  of  skin  often  present  around  the  cavities.  A  brown  to 
light-brown  beetle,  with  slender  snout  one-half  the  length  of  the  body,  and  with  four 
very  distinct  humps  on  the  wing  covers,  but  lacking  the  white  markings  of  E,  7,  may 
be  found  feeding  on  the  fruit.  Injured  fruit  seldom  drops  unless  heavily  fed  upon 
early  in  the  season.     Apple  curculio,  page  581. 

9.  Fruit  with  irregular russeted  spots,  misshapen,  pitted,  or  dimpled  in  appearance, 
but  without  cavities  and  dwarfed  in  size;  flesh  often  hard  or  woody  under  the  injury. 
Elongate-oval,  reddish  bugs,  about  \'{  inch  loug,  somewhat  plum])  of  body,  with  head 
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of  orange  color,  feeding  on  the  nen  foliage,  and  later  on  the  fruit,  by  sucking  the  sap 
through  their  Blender  beaks.     Apple  red  bug*,  page  582. 

10.  Numerous,  brown,  twisting  mines,  containing  yellowish-white  maggots,  up  to 
nch  in  length,  run  through  the  flesh  of  the  fruit.  These  mine-  are  moel  abundant 
in  early  varieties  of  apples,  particularly  in  sweet  apples.  Mines  in  the  fruit  indicated 
by  dark  lines  on  the  surface  of  the  apple.  Flies  a  little  smaller  than  the  house  fly 
and  of  a  general  black  color,  marked  with  white  bands  on  the  abdomen  and  black 
bands  on  the  wings,  rest  on  the  surface  of  the  fruit,  and  deposit  their  eggs  in  the  flesh. 
Apple  maggot,  page  584. 


Flat-headed  Apple-tree  Borer1 

Importance  and  Type  of  Injury. — The  presence  of  this  insect  is 
indicated  by  shallow,  broad,  irregular  mines  or  burrows  on  the  main 
trunk  or  large  branches,  just  under  the  bark  and  in  the  wood,  the  larger 
ones  going  into  the  wood  a  distance  of  an  inch  or  two.  Above  these 
burrows  are  dark-colored,  dead  areas  of  bark.  These  burrows  are 
packed  tightly  with  fine  sawdust  except  where  they  go  into  the  wood; 
here  they  are  usually  packed  with  coarse,  excelsior-like  fibers.  They 
are  nearly  always  on  the  sunny  side  of  the  tree,  but  may  extend  com- 
pletely around  the  tree.  Injuries 
usually  result  in  killing  large  areas  of 
bark  and  sometimes  in  girdling  and 
killing  the  tree  or  infested  branches. 
There  are  several  other  closely  related 
species  that  also  sometimes  attack 
apple. 

Trees  Attacked. — Nearly  all  fruit, 
woodland,  and  shade  trees. 

Distribution.  —  Generally  distrib- 
uted throughout  the  United  States  and 
the  fruit-growing  sections  of  Canada. 
Life  History,  Appearance,  and 
Habits. — The  winter  is  passed  in  the 
grub  or  borer  stage.  These  are  of  different  sizes,  from  %  to  a  little  over 
1  inch  in  length.  The  larger,  nearly  full-grown  borers  will  be  found 
from  1  to  2  inches  deep  in  the  wood  of  the  tree,  usually  to  a  less  depth 
in  the  southern  states.  In  the  spring  they  change  to  yellow  pupae 
(Fig.  336,  d)  and  later  to  beetles.  The  full-grown  grub  is  about  1J£ 
inches  in  length,  of  a  yellow  to  yellowish-white  color  with  a  broad  flat 
enlargement  of  the  body  just  back  of  the  head  (Fig.  336,  a).  It  is  this 
enlarged  area  which  gives  the  insect  its  common  name.  The  adult 
beetle  (6)  is  about  Yi  mcn  l°ng  by  }i  mcn  wide.  It  is  of  a  dark  olive- 
gray  color  with  a  metallic  luster  to  the  irregularly  corrugated  wing 
covers.  The  body  is  very  blunt  at  the  head,  and  tapers  to  a  rounded 
1  Chrysobothris  fcinorata  (Olivier  \  Order  Coleoptera,  Family  Buprestidae. 


Fio.  336. — Flat-headed  apple-tree 
borer,  Chrysobothris  ft  rnorata  (Olivier):  a, 
larva;  b,  adult  beetle;  d,  pupa,  about  twice 
natural  size.  {From  Chittenden,  U.  S. 
D.A.) 
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p<>i nt  at  the  posterior  end.  They  are  decidedly  sun-loving  insects,  and 
will  be  found  in  greatest  numbers  on  t  he  sunny  sides  of  I  rees  or  logs.  The 
female  beetle  lays  her  eggs  in  cracks  in  the  bark  of  trees,  nearly  always 
selecting  a  tree  thai  is  unhealthy,  or  a  spot  on  :i  healthy  tree  where  the 

hark  has  been  injured,  as  by  sun  scald  or  a  bruise.  The  eggs  are  laid 
from  May  to  August,  and  most  of  the  borers  complete  their  growth  by 
fall,  the  life  cycle  occupying  only  1  year. 

Control  Measures. — The  only  effective  remedy,  once  a  tree  is  infested, 
is  to  cut  out  the  grubs  with  a  sharp-pointed  knife.  This  should  be 
done  during  the  late  summer  or  early  fall.  The  presence  of  the  insects 
is  indicated  by  darkened  areas  of  bark  and  fine  bits  of  sawdust  protruding 
through  the  bark. 

To  prevent  trees  from  becoming  infested,  they  should  be  kept  in 
good  condition.  The  south  sides  should  be  shaded  with  a  board  or  stake 
for  the  first  2  years  after  they  are  set.  Wounds  should  be  painted  with 
a  mixture  of  coal  tar  75  per  cent,  and  crude  creosote  25  per  cent. 

The  following  wash  is  strongly  recommended  by  the  Michigan 
Experiment  Station  as  a  repellent  to  the  adult  beetles,  to  prevent  egg 
laying: 

Common  potash  laundry  soap 50  pounds 

Water 3  gallons 

Flake  naphthalene 25  pounds 

Flour 2  pounds 

Place  the  soap  in  the  water  in  a  warm  place  and  allow  it  to  soften  for  a  few 
days.  Use  a  potash  soap  which  will  form  a  smooth  mixture,  not  a  soda  soap, 
since  the  latter  becomes  jelly-like.  Then  place  water  and  soap  in  a  double  boiler 
(we  use  a  medium-sized  wash  boiler  placed  inside  a  very  large  one)  and  cook  until 
the  temperature  reaches  180°  F.  Stir  in  the  flour  and  add  the  naphthalene  and 
bring  the  temperature  to  180°  F.,  a  temperature  at  which  the  naphthalene  will 
have  melted,  the  melting  point  of  naphthalene  being  176°,  then  cool  as  quickly  as 
may  be,  stirring  the  mixture  occasionally.  The  more  rapidly  the  mixture  is 
cooled,  the  smaller  will  be  the  crystals  of  naphthalene.  The  mixture  should  be 
applied  with  a  brush  while  it  is  warm. 

References— U.  S.  Dept.  Agr.,  Farmers'  Bulls.  1065,  1919;  and  1270,  1922. 

Round-headed  Apple-tree  Borer1 

Importance  and  Type  of  Injury. — The  damage  is  all  caused  by  the 
borer,  or  grub,  which  feeds  on  the  inner  bark  and  sapwood  of  the  tree. 
The  burrows  of  this  insect  are  usually  made  in  the  base  of  the  trunk, 
from  1  or  2  inches  below  the  surface  of  the  ground  to  a  foot  or  more 
above  ground.  They  extend  through  the  sapwood  and  heartwood,  often 
seriously  weakening  young  trees;  and  sometimes  girdle  the  tree.     The 

1  Saperda  Candida  Fahricius,  Order  Colcoptera,  Family  Cerambycids. 
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presence  of  the  insect  is  indicated  by  coils  or  piles  of  sawdust-like  particles 
adhering  to  the  hark,  or  on  the  ground  about  the  base  of  the  trunk 
(Fig.  337),  and  by  darkened  areas  in  the  bark  about  the  base  of  the 
tree.  To  make  a  thorough  examination  for  the  presence  of  this  insect, 
it  is  necessary  to  remove  the  earth  about  the  base  of  the  trunk  to  a 
depth  of  2  or  3  inches  and  examine  the  bark  carefully. 

Trees  Attacked. — Apple,  pear,  quince,  haw,  mountain  ash,  service- 
berry,  and  occasionally  some  others. 

Distribution. — The  eastern  United  States  and  Canada,  also  New 
Mexico  and  British  Columbia. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  only  in 
the  larval  or  borer  stage.     The  borers  are  of  two  sizes;  those  which  have 


Fig.  337. — Castings  of  round-headed 
apple-tree  borer  at  base  of  apple  tree. 
(From  U.  S.  1).  A.  Farmers  Bull.  1270.) 


Fig.  338. — Larva  of  round-headed  apple- 
tree  borer,  nearly  full  grown.  About  nat- 
ural size.  (From  U.  S.  D.  A.  Farmers'  Bull. 
1270.) 


hatched  from  eggs  laid  the  past  season,  and  those  from  eggs  laid  a  year 
earlier,  the  latter  being  full-grown  and  an  inch  or  over  in  length.  They 
are  of  a  creamy-yellow  color,  with  a  brown  head  and  a  rounded  thickening 
of  the  body  just  behind  the  head  (Fig.  338).  The  two-year-old  larvae 
are  usually  found  in  the  tree  to  a  depth  of  1  to  2  inches.  In  the  spring 
of  the  year  these  larger  larvae  change  to  the  pupal  stage  and,  after  2 
weeks  to  a  month's  time,  emerge  as  robust  velvety  brown  cylindrical 
beetles  with  a  conspicuous  white  stripe  on  each  side  of  the  body,  above, 
and  the  under  side  of  body,  legs,  and  head,  except  the  eyes,  also  white 
(Fig.  339).  The  beetles  are  quite  striking  in  appearance.  They  are 
abroad  from  June  to  the  first  of  September.  The  adults  crawl  over  the 
surface  of  the  tree  and  feed  to  some  extent  on  the  foliage  and  on  the 
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new  twig  growth.  They  have  well-developed  wings,  but  are  rather 
Bluggish  creatures  and  usually  fly  only  shorl  distances.  They  lay  their 
eggs  during  the  Bummer  months,  these  being  deposited  in  the  bark  of 
the  tnmks  of  apple  trees  from  just  below  the  surface  of  the  ground  to 
is  or  20  inches  up  on  the  trunk,  or  occasionally  even  higher  than  this. 

They  are  usually  laid  in  cracks  of  the  bark,  which  arc  sometimes  enlarged 
by  the  beetles  with  their  strong  jaws.  The  borers  upon  hatching  feed 
at  first  on  the  outer  bark,  and  as  they"  increase  in  size,  work  into  the  wood 
of  the  tree.  The  older,  or  nearly  full-grown  ones,  are  found  several 
inches  within  the  wood,  and  are  usually  a  foot  or  more  above  the  surface 
of  the  ground,  while  the  young  borers  may  work  several  inches  below 
the  surface.  When  full-grown,  the 
larva  hollows  out  a  cell  in  the  wood 
in  which  to  pupate.  In  most  cases, 
the  insect  requires  2  years  in  which  to 
complete  its  growth,  but  may  require 
3  under  unfavorable  conditions. 

Control  Measures. — Many  paints 
and  washes  have  been  tried  to  prevent 
the  adult  borers  from  laying  their. eggs 
in  the  bark.  None  of  these  have 
proved  very  effective,  although  some 
have  given  fair  results.  The  best 
control  now  known  is  to  go  over  the 
trees  twice  each  year,  once  during  the 
latter  part  of  August  or  early  Sep- 
tember, and  again  in  late  April.  The 
spring  examination  may  not  be  neces- 
sary except  where  borers  are  abundant. 
The  base  of  the  tree  should  be  care- 
fully examined,  1  or  2  inches  of  the 
soil  around  the  trunk  removed,  and 
the  young  borers  dug  out  or  probed 

out.  So  far  as  possible,  workmen  should  avoid  cutting  across  the  grain 
of  the  bark.  A  flexible  wire  is  used  to  reach  the  borers  deep  in  the  wood. 
The  ordinary  spray  schedule  applied  for  controlling  other  orchard  insects 
aids  to  some  extent  in  controlling  the  round-headed  apple-tree  borer,  as 
the  adults  will  frequently  get  enough  poison  to  kill  them  when  feeding 
on  the  new  bark  or  the  leaves.  All  growth  of  crabs,  haws,  and  particu- 
larly service-berry  and  mountain  ash  should  be  kept  down  within  •.; 
mile  of  the  apple  orchard. 


"/m 

I 

Fig.  339. — Adult  male  and  female 
round-headed  apple-tree  borer,  Saperda 
Candida  Fabricius.  Male  on  right,  female 
on  left,  about  natural  size.  (From  U.  S. 
D.  A.  Farmers'  Bull.  847.) 


References—  U.  S.  Depi.  Agr.  Farmers'  Hull.  1270,  1922;  U.  S.  Dept.  Agr.  Dept. 
Hull.  847,  1920.;  Ark.  Agr.  Exp.  Sta.  Hull.  146,  1918. 
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Shot-hole  Borer  or  Fruii  rnEi    Bark  Beetle1 
Jmportana   and  r/}i/i><   of  Injury.     Small  holes,  about   the  size  of  i 
pencil  lead,  in  the  bark  of  branches  and  trunks  of  trees,  often  enter 

the   bark   above  a  bud   or  other   projection.      The   holes  arc   sometimes 

indicated  by  a  small  amount  of  sawdust  or  borings  on  the  bark  of  the 
tree.  When  the  insects  become  very  abundant,  wilting  and  yellowing 
of  the  foliage  occurs,  and  is  usually  followed  by  the  death  of  the  tree. 
Bark  of  infested  trees  is  perforated  with  numerous  small  shot-hole-like 
openings,  from  which  the  beetle  gets  the  name  " shot-hole  borer."  The 
removal  of  the  bark  exposes  many,  small,  winding,  sawdust-filled, 
gradually-enlarging  galleries  leading  out  from  a  shorter  central  gallery 
(Fig.  340,  C).  In  nearly  all  cases,  the  borers'  attack  results  in  the  death 
of  the  tree  or  branches  where  they  are  numerous,  but  they  are  very 
rarely  the  primary  cause  of  the  death  of  the  tree. 

Trees  Attacked. — Apple,  peach,  plum,  cherry,  quince,  service-berry, 
choke  cherry,  and  others. 

Distribution. — This  insect  is  a  native  of  Europe,  but  is  now  generally 
distributed  over  the  United  States. 

Life  History,  Appearance,  and  Habits. — During  the  winter,  this  insect 
is  in  the  grub  or  larval  stage  in  the  inner  bark.  At  this  time,  the  grubs 
are  about  }£  inch  long,  of  a  pinkish-white  color,  with  a  slight  enlargement 
of  the  body  just  behind  the  head  (Fig.  340,  A).  In  the  early  spring 
they  change  to  the  pupa?,  and  emerge  as  full-grown  insects  during  June 
and  July.  The  adult  insect  (B)  is  about  Y\  o  incn  l°ng>  by  half  as  wide, 
black  in  color,  the  body  very  blunt  at  either  end.  They  have  well 
developed  wings  and  are  capable  of  flying  considerable  distances.  The 
insects  mate,  and  females  seek  out  trees  that  are  in  a  somewhat  unhealthy 
condition.  They  enter  the  bark  at  a  point  along  the  branch  or  twig, 
usually  just  above  a  slight  projection,  and  excavate  a  gallery  about  2 
inches  long  usually  running  in  the  same  direction  as  the  length  of  the 
trunk  or  branch.  They  deposit  their  eggs  at  short  intervals  on  either 
side  of  this  parent  gallery.  The  young  grubs  hatching  from  these  eggs 
start  burrowing  in  the  inner  bark,  in  general  at  a  sharp  angle  from  the 
parent  gallery.  They  continue  their  burrows  until  they  become  full- 
grown,  about  6  to  8  weeks.  The  larval  burrows  are  from  2  to  4  inches 
long,  enlarging  slightly  throughout  their  length  and  diverging  gradually 
outward  from  the  parent  gallery.  When  full-grown,  the  larva  changes 
to  a  pupa  and  later  to  an  adult  beetle  at  the  end  of  the  larval  burrow 
beneath  the  bark.  The  beetles  emerge  from  holes  bored  directly  out- 
ward through  the  bark.  There  are  from  one  to  three  generations  of  the 
insect  each  year,  the  larger  number  occurring  in  the  South. 

Control  Measures. — Many  experiments  have  been  carried  out  to  test 
the  effect  of  treating  the  bark  of  infested  trees  with  some  substance 

1  Scolytus  rugidosus  Ratzeburg,  Order  Coleoptera,  Family  Scolytidae. 
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Btrong  enough  to  kill  the  young  larvffi  in  their  burrows.  Some  fairly 
favorable  results  have  been  obtained  by  using  a  solution  of  carbolineum. 

In  many  cases,  however,  severe  injury  to  the  trees  has  resulted  from  the 
Use  of  this  substance.  Probably  the  best  method  of  Overcoming  the 
attack  o\  this  insect  is  to  stimulate  the  tree  by  the  application  of  some 
Btrong  nitrogenous  fertilizer,  such  as  nitrate  of  soda  or  sulphate  of 
ammonia.  Trees  that  are  in  a  backward,  somewhat  sickly,  condition 
in  the  spring  should  be  given  a  heavy  treatment  with  one  of  these  ferti- 


Fig.  340. — Shot-hole  borer.  A,  larva  or  grub;  B,  adult  or  beetle,  about  fifteen  times 
natural  size;  C,  parent  and  larval  galleries  in  sapwood  of  injured  twig  from  which  the 
bark  has  been  removed;  about  natural  size.      (From  III.  State  Nat.  Hist.  Sur.) 


lizers,  applying  the  material  to  the  surface  of  the  soil  above  the  roots  of 
t  he  tree.  The  dosage  should  vary  with  the  size  of  the  tree.  Ten-year-old 
t  rees  may  safely  receive  from  3  to  5  pounds  of  either  of  these  fertilizers, 
and  the  amount  may  be  doubled  on  twenty-year-old  trees. 

During  the  winter  all  badly  diseased  trees  or  branches  in  or  near  the 
orchard  should  be  cut  out  and  all  primings  promptly  removed  and 
burned.  This  applies  not  only  to  the  apple,  but  to  the  other  favored  food 
plants  of  this  insect. 

References— U.  S.  Dept.  Agr.  Farmers'  Bull.  1270,  1922;  Ohio  Agr.  Exp.  Sta.  Hull. 
264,  1913;  Report  of  State  Entomol.  of  Neb.,  1909. 
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PlN-HOLI    BOBJSRS1 

Importance  and  Type  <>/  Injun/.  There  are  several  species  of  small  hectic-  some- 
what resembling  the  bark  beetles  in  appearance  that  attack  the  apple  and  many  other 
trees.  These  insects  hore  directly  into  the  wood  of  the  tree,  and  live  on  a  fungus 
which  they  grow  in  their  burrows.      They  confine  their  work  alrno-t  entirely  to  dead 

or  dying  trees. 

Trees  Attacked. — All  the  common  fruit  trees  and  most  forest  trees  are  BUbjecl  to 
attack  by  these  insects. 

Distribution. — General  over  the  United  States. 

Control  Measures. — The  control  measures  are  the  same  as  for  the  shot-hole  borer. 

Reference — Dom.  Canada,  Dept.  Agr.  Entomol.  Branch,  Bull.  14,  1918. 


Fig.  341. — New  York  weevil,  Ithycerus  noveboracensis  (Forster).  Adults  feeding  on 
twig  of  apple  and  their  characteristic  injury.  Natural  size.  (From  III.  State  Nat.  Hist. 
Sur.) 


New  York  Weevil2 

Importance  and  Type  of  Injury. — Large,  black-mottled,  grayish,  snout  beetles 
feeding  on  the  buds  and  the  young  twigs  of  apple.  The  buds  are  often  completely 
eaten  out  and  the  twigs  gnawed  and  cut  off  (Fig.  341). 

Trees  Attacked. — Apple,  peach,  plum,  pear,  hickory,  oak,  cherry,  and  several  others. 

Distribution. — United  States  east  of  the  Rocky  Mountains.  Most  abundant  in  the 
Mississippi  Valley  and  southern  states. 

Life  History,  Appearance,  and  Habits. — The  life  history  of  this  insect  has  not  been 
worked  out  in  a  detailed  manner.  The  injury  to  apple  is  all  caused  by  the  feeding  of 
the  adults,  which,  so  far  as  known,  are  the  only  stage  found  on  that  tree.     In  the 

1  Monarthrum  mali  Fitch  and  other  species,  Order  Coleoptera,  Family  Scolytidae. 

2  Ithycerus  noveboracensis  (Forster),  Order  Coleoptera,  Family  Belidae. 
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blast,  tli»'  adult  beetle  is  Biipposed  to  deposit  iis  eggs  in  the  small  branches  of  hickory 
and  oak  trees.  The  grubs  or  larvs  hatching  from  these  eggs  &re  Baid  to  \fe<\  on  the 
twigs  of  oak  and  hickory  from  June  to  the  approach  <>f  cold  weather,  and  remain 
dormanl  during  the  winter.  They  change  to  pupaa  in  the  spring,  and  emerge  as  full- 
grown  beetles  during   May.     In  west-central   Illinois,  the  beetles  are  abundant  on 

apple  from  about  the  first  of  May  to  the  middle  of  .lime,  and  it  is  during  this 
period  that  all  damage  to  fruit  trees  is  done.  The  adult  insed  is  quite  conspicuous 
because  Of  its  size,  being  nearly  '•}  .\  ineli  long,  of  a  robust  appearance,  and  one  of  the 
larger  snout  beetles. 

Control  Measures. — Hand  picking  is  the  only  known  moans  of  preventing  injury. 
Mature  orchards  are  seldom,  if  ever,  damaged;  the  injury  occurs  on  young  trees,  so 
that  hand  picking  may  be  considered  a  practical  control  measure.  The  injury  is 
severe  only  in  young  orchards  in  cut-over  land  or  near  hickory  or  oak  woodland. 

Imbricated  Snout  Beetle1 

Importance  and  Type  of  Injury. — Occasionally,  buds  of  apple  and  newly  forming 
fruits  are  injured  by  a  grayish  snout  beetle,  somewhat  smaller  than  the  New  York 


b  a  c 

Fig.  342. — Imbricated  snout  beetle,  Epiccerus  imbricatus  Say.  a,  b,  adult,  dorsal  and 
side  views,  three  times  natural  size;  c,  d,  larva,  dorsal  and  side  views,  enlarged;/,  eggs  on 
leaf,  twice  natural  size;  e,  egg  more  enlarged.      {From  III.  State  Nat.  Hist.  Sur.) 

weevil.  This  insect  has  a  body  which  is  very  plump  and  well  rounded  (Fig.  342,  a,  b). 
It  injures  the  apple  by  eating  out  the  buds,  or  cutting  off  the  young  fruit  and  leaves. 
It  is  a  very  general  feeder,  and  is  found  on  many  other  plants,  causing  great  damage  to 
strawberries.  It  has  seldom  been  abundant  enough  to  cause  serious  injury  in  well- 
cared-for  orchards. 

Life  History,  Appearance,  and  Habits. — The  eggs  of  this  insect  (Fig.  342,  e,  f) 
are  laid  on  the  leaves  of  many  plants,  and  the  immature  stages  (c,  d)  are  passed  in  the 
stems  or  on  the  roots  of  legumes  or  some  other  field  crops  The  adult  insects  make 
their  appearance  on  the  trees  during  the  latter  part  of  May  and  June,  and  continue 
feeding  for  about  one  month.     There  is  one  generation  a  year. 

Control  Measures. — If  the  beetles  are  causing  damage  to  young  trees,  many  of  them 
may  be  caught  by  jarring  them  on  to  sheets  spread  under  the  trees.  A  strong  arsenate 
of  lead  spray,  used  at  the  rate  of  3  pounds  of  powder  to  50  gallons  of  water,  will  kill 
many  of  the  insects. 


Periodical  Cicada  or  Seventeen-year  Locust2 

This  insect  (Figs.  345  and  34G)  is  so  well  known  that  a  description  is 

hardly   needed.     The   body   is   wedge-shaped,    nearly   black    and    from 

1  Epicurus  imbricatus  Say,  Order  Coleoptera,  family  Curculionids. 
1  Magicicada  septendecim  (Linnet,  Order  Bomoptera,  Family  Cicadids. 
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I  inch  lo  I '  a  inches  long,  including  the  wings.     1 1  is,  however,  frequently 

confused   with   the  common   "  harvest  man  "   or  dog-day   cicada.1      There 

are  two  races  of  the  periodica]  cicada  winch  cause  damage  to  fruit 
trees.  One  of  these  lias  a  life  cycle  of  13  years,  and  is  abundant  only 
in  the  southeastern  part  of  the  United  States  (Fig.  343).  The  other 
race,  which  is  the  true  seventeen-year  cicada,  or  seventeen-year  "locust/1 

is  more  abundant  in  the  northeastern  part  of  the  United  States  and  has 
a  17-year  life  cycle  (Fig.  344).  There  are  a  number  of  broods  which 
overlap,  the  adults  appearing  in  different  years.     Adults  of  both  races 


Fig.  343.— Periodical  cicada.      Map  showing  distribution  of  the  combined  broods  of  the 
13-year  race.      {From   U.  S.  D.  A.  Bureau  of  Entom.,  Bull.  71.) 


are  smaller  than  the  dog-day  cicada,  and  appear  during  May,  June,  and 
very  early  July,  while  the  dog-day  cicada  is  present  every  year  during 
July,  August,  and  September.  The  dog-day  cicada  never  causes  notice- 
able injury.  In  both  races  of  the  periodical  cicada,  the  margins  of  the 
wings  have  a  distinct  reddish  tinge  and  a  black  "W"  is  present  near  the 
lower  margin  of  the  front  wing.  The  dog-day  cicada  is  much  larger, 
has  a  greenish  margin  to  the  wings,  and  lacks  the  black  "W"  of  the 
thirteen-  and  seventeen-year  species. 

1  Tibicen   linnei   (Smith  and   Grossbeck),   and  other  species,  Order  Homoptera, 
Family  Cicadidae. 
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Importance  and  Type  of  Injury.     Roughened  punctures  in  the  twigs 

and  small  branches  of  apple  and  many  Other  trees,  usually  from  1  to 
4  inches  in  Length.  The  hark  is  pushed  from  the  wood  and  the  wood  of 
the   twig  cut    and   raised   so   that    a   series  of  small   bundles  of  splinters 

protrude  from  the  surface  (Fig.  5,  .1).  This  injury  is  caused  not  by  the 
feeding  of  the  insect,  but  by  the  female  cicada's  depositing  her  eggs  in 
the  twigs  (Fig.  346). 

Distribution. — The    thirteen-year    form    ranges    from    Virginia    and 
southern  Iowa  and  Oklahoma  on  the  north  and  west,  to  the  Atlantic 


Fig.  344. — Periodical  cicada.      Map  showing  distribution  of  the  combined  broods  of  the 
17-year  race.      (From  U.  S.  D.  A.  Bureau  of  Entom.  Bull.  71.) 

Coast  and  Gulf  of  Mexico.  The  seventeen-year  form  ranges  from 
Vermont,  Massachusetts,  Michigan,  and  Wisconsin  on  the  north, 
Colorado  on  the  west,  to  Texas,  northern  Alabama,  and  northern  Georgia 
on  the  south.  Both  are  most  abundant  east  of  the  Mississippi  River. 
This  insect  is  not  known  to  occur  outside  of  eastern  North  America. 

Life  History,  Appearance,  and  Habits. — This  species  has  the  longest 
developmental  period  of  any  known  insect.  The  eggs  are  laid  during  late 
May,  June,  and  early  July,  in  the  above-described  punctures,  in  the  twigs 
and  small  branches  of  trees.  The  females  lay  from  400  to  GOO  eggs, 
depositing  from  12  to  20  in  each  puncture  beneath  the  bark.  Many  egg 
punctures  may  occur  in  a  single  line,  as  many  as  50  having  been  found  along 
one  branch.  The  eggs  hatch  in  about  6  or  7  weeks  (<a>  Figs.  77./'' to./). 
The   somewhat    ant-like    young  drop   to   the   ground   and   enter   the   soil 
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through  cracks,  or  at  the  base  of  plants.  Hero  they  excavate  b  small 
cell  about  a  tree  rootlet  from  which  they  suck  the  sap.  They  grow  very 
slowly  and  their  feeding  usually  has  no  noticeable  effect  on  the  trees,  on 

the  roots  of  which  thousands  of  the  young  cicadas  occur.  After  L3  or 
17  years  of  this  underground  existence,  the  nymphs  have  become  full- 
grown.  The  insects  are  now  about  an  inch  in  length  and  somewhat 
resemble  a  small  crayfish  (Fig.  79,  L).  The  full-grown  nymphs  burrow  to 
the  surface  of  the  soil  and  emerge  through  small  holes  about  x/i  inch  in 
diameter.  They  sometimes  construct  mud  cones  or  " chimneys"  about 
these  holes  to  a  height  of  2  to  3  inches,  with  the  opening  near  the  ground. 
They  appear  in  large  numbers  at  about  the  same  time,  emergence  usually 
starting  soon  after  sunset.     They  crawl  upon  the  trunk  of  some  tree  or 
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Fig.  345. — Adult  periodical  cicada  beginning  to  issue  from  nymphal  shell, 
size.      (From  U.  S.  D.  A.  Bureau  of  Entom.,  Bull.  71.) 


About  natural 


the  stem  of  a  weed,  which  they  grasp  firmly.  The  skin  splits  down  the 
middle  of  the  back  and  the  adult  insect  gradually  works  its  way  out 
(Fig.  345).  They  remain  on  the  support  until  their  wings  harden  and 
the  bodies  dry,  but  by  the  following  day  they  are  ready  to  take  flight, 
the  empty  skins  often  remaining  clinging  to  tree  trunks  and  other 
supports  for  months.  As  many  as  20,000  to  40,000  may  emerge  from 
the  ground  under  one  large  tree.  They  fly  about  during  the  day,  mate, 
and  feed  by  sucking  the  sap  from  the  twigs  of  trees.  The  injury  caused 
in  this  way  is  very  slight.  Four  or  five  days  after  emergence  the  males 
start  " singing."  This  song  is  a  very  high-pitched,  shrill  call,  produced 
by  two  drum-like  membranes  on  the  sides  of  the  first  abdominal  segment. 
The  adults  live  from  30  to  40  days. 

Control  Measures. — No  spray  or  dust  has  been  found  which  can  be 
applied  to  the  trees  that  will  prevent  the  egg  laying  of  the  female  cicadas. 
Young  trees  or  particularly  valuable  fruit  trees,  may  be  covered  with 
mosquito  bar  or  other  cheap  cloth,  during  the  period  when  the  adult 
cicadas  are  on  the  wing.     Orchards  set  on  soil  where  trees  were  standing 
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during  the  last  appearance  of  the  adults,  will  be  more  heavily  infested 
than  those  set  <>n  prairie  soil,  or  at  some  distance  from  woodland.  Young 
fruit  trees  should  not  be  heavily  pruned  the  winter  or  spring  before  the 


Flo.  346. — Periodical  cicada.  Female  depositing  eggs  in  apple  tree  and  characteristic 
egg-punctures.  {From  Wcllhouse,  "How  Insects  Live,"  after  Snodgr ass.  Copyright,  1926, 
!>!/  the  M acmillan  Company.      Reprinted  by  permission.) 

appearance  of  the  adult  cicadas.     After  the  cicadas  have  disappeared, 
the  seriously  weakened  twigs  should  be  pruned  off  and  burned. 

Inferences. —  U.  S.  Dept.  Agr.  Bureau  Entomol.  Bull.  71,  1907;  Ohio  Agr.  Exp.  Sta. 
Bull.  311,  1917;  Ohio  Agr.  Exp.  Sta.  Circ.  142,  1914;  Mo.  Agr.  Exp.  Sta.  Bull.  137,  1915. 


Buffalo  Treehopper1 

Importance  and  Type  of  Injury. — Double  rows  of  curved  slits  are  cut 
in  the  bark  of  small  branches  and  twigs.  If  these  slits  (Figs.  347,  and 
5,  r)  are  carefully  cut  open,  a  row  of  from  6  to  1*2  small,  elongated, 
yellowish  eggs  will  be  found  embedded  in  the  inner  bark  just  under 
each  slit.  The  bark  of  infested  trees  presents  a  roughened,  somewhat 
scaly  appearance  and  never  makes  a  very  vigorous  growth. 

1  Ccrcsa  bubalus  (Fabricius),  Order  Homoptcra.  Family  Meinhniridac. 
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1 'hints  Attacked, — Apple,  quince,  cherry,  prune,  elm,  locust,  cotton- 
wood,  and  many  other  lives.      The  nymphs  feed  on  weeds  and  grasses. 

Distribution. — General  throughout  the  United  States  and  southern 
( 'anada. 


Fig.  347. — Twigs  of  apple  showing  injury  by  the  egg  punctures  of  the  buffalo  treehopprr, 
slightly  enlarged.      (From  III.  State  Nat.  Hist.  Sur.) 

Life  History,  Appearance,  and  Habits. — The  insect  remains  in  the  egg 
stage  during  the  winter,  hatching  rather  late  in  the  spring  into  a  tiny, 
pale-green,  spiny  nymph  (Fig.  79,  B),  which  feeds  on  the  sap  of  various 


Fig.   348. — Buffalo   treehopper,    adults   in   dorsal  and  side  views  about  six  times  natural 

size.      (From  III.  State  Nat.  Hist.  Sur.) 

grasses  and  weeds,  reaching  its  full-grown  stage  during  August.  The  new 
adults  then  deposit  their  eggs  in  the  bark  for  the  next  year's  generation, 
after  which  the  adults  die.  The  full-grown  buffalo  treehopper  (Fig.  348) 
is  a  peculiar  shaped  little  insect  of  a  light-green  color,  triangular  in  outline, 
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very  blunt  at  the  head  end  with  a  Bhoii  horn  :ii  each  upper  corner,  and 
pointed  behind.     They  are  about  '.j  inch  long  by  two-thirds  as  wide  at 

the  head  end.  The  female  treehopper  has  ;i  very  sharp,  knife-like  ovi- 
positor with  which  she  cuts  the  slits  in  the  twigs  and  through  these  forces 
her  eggs  into  the  inner  bark. 

Several  other  species  of  treehoppers  attack  apple  and  other  fruit  trees, 
most  of  them  having  practically  the  same  life  history  as  that  of  the 
buffalo  treehopper.  Some  species  differ  in  their  manner  of  laying  eggs, 
and  cut  a  single  row  of  slits  in  the  bark  of  the  tree;  others  lay  their  eggs 
in  gummy  covered  masses  on  the  surface  of  the  bark. 

Control  Measures. — The  best  method  of  controlling  this  insect  is  clean 
cultivation  of  the  orchard,  keeping  down  all  weeds  or  grassy  growth. 
When  the  insect  is  abundant,  the  growing  of  summer  cover  crops,  such  as 
clover  or  cowpeas,  should  be  discontinued  for  one  or  two  seasons,  and  the 
orchard  kept  clean  of  all  vegetation  until  the  latter  part  of  July.  Spray- 
ing is  not  effective  in  controlling  this  pest. 

References.—  U.  S.  Dept.  Agr.  Farmers'  Bull  1270,  1922;  N.  Y.  (Geneva)  Agr.  Exp. 
St  a.  Tech.  Bull.  17,  1907. 

San  Jose  Scale1 

Importance  and  Type  of  Injury. — Trees  lightly  infested  show  small 
grayish  specks  on  the  surface  of  the  bark  which  are  disc-shaped,  and  just 
discernible  to  the  eye  (Fig.  349).  Under  the  hand  lens,  these  specks  show 
a  raised,  nipple-shaped  spot  at  the  center.  Frequently  the  bark  is  red- 
dened for  a  short  distance  around  each  of  the'  scales,  this  being  especially 
true  on  young  trees  and  on  new  growth  of  old  trees.  On  heavily  infested 
trees  the  entire  surface  of  the  bark  is  covered  with  a  gray  layer  of  over- 
lapping scales,  appearing  as  if  the  twig  or  branch  had  been  sprinkled  with 
wood  ashes  when  wet.  Infested  trees  show  a  general  decrease  in  vigor, 
and  thin  foliage,  which  is  usually  more  or  less  yellowed  and  spotted 
because  of  the  presence  of  scales  upon  it.  Sometimes  there  is  an  abun- 
dance of  water  sprouts  along  the  larger  branches.  The  fruit  on  infested 
trees  is  also  attacked  by  the  scale,  the  insects  being  most  abundant  around 
the  blossom  and  stem  ends,  often  forming  a  gray  patch  about  the  calyx 
of  the  apple.  The  fruit  on  infested  trees  often  has  a  spotted  or  mottled 
appearance  because  of  a  small  red  inflamed  area  surrounding  each  of  the 
scales  (Fig.  63,  E).  If  allowed  to  develop  unchecked,  the  infestation 
in  most  cases  results  in  the  death  of  the  tree.  In  1922,  more  than  1,000 
acres  of  mature  apple  trees  were  killed  in  southern  Illinois  by  this  insect. 

Trees  Attacked. — Apple,  pear,  quince,  peach,  plum,  prune,  apricot, 
nectarine,  sweet  cherry,  currant,  gooseberry,  and  osage  orange,  besides 
many  bush  fruits  and  shrubs  and  some  shade  and  forest  trees. 

1  Aapidiotus  pemiciowu  Comstock,  Order  Homoptem.  Family  Coccids. 
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Fig 
stock. 
female 

Sur.) 


.  349. — Twig  of  apple  encrusted  with  San  Jose  scale,  Aspidiotus  perniciosus  Corn- 
Many  of  the  scales  show  exit  holes  of  a  hymenopterous  parasite.  Both  male  and 
scales  can  be  recognized.     Enlarged  several  times.      (From  III.  State  Nat.   Hist. 
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Distribution .  Throughout  the  commercial  fruit-growing  sections 
of   the   United  Stales  and  Canada  and  in  many  other  parte  of  the 

world. 

Life  History,  Appearance )  and  Habits. — The  insect  passes  the  winter 
in  a  partly  grown  condition.  Nearly  all  the  scales  surviving  a  tempera- 
ture of  10°  F.  above  zero,  are  in  the  second  nymphal  instar,  often  known 
as  the  SOOty-black  stage,  and  are  about  one-third  grown.  The  insect 
remains  dormant,  tightly  fastened  to  the  bark  of  the  tree  until  the  sap 
starts  flowing  in  the  spring.  It  then* begins  to  grow,  and  usually  becomes 
full-grown  about  the  time  the  apple  trees  come  into  bloom.  At  this  time 
two  forms  of  scales  will  be  noted,  one  nearly  round  about  Y\2  incn  across, 
with  a  raised  nipple  in  the  center,  and  the  other  oval,  about  JI25  inch  long 
by  half  as  broad,  with  a  raised  dot  nearer  the  larger  end  of  the  scale.  The 
latter  scales  are  the  waxy  covering  of  the  males,  which  emerge  as  small, 
yellow,  two-wTingcd  insects  (Fig.  350)  at  about  this  time.  The  larger, 
round  scales  cover  the  bodies  of  the 
females,  which  remain  under  the  scales 
throughout  their  lives,  and,  after  mat- 
ing, begin  to  give  birth  to  living  young. 
They  continue  to  reproduce  for  a  month 
or  more,  depending  on  the  temperature. 
These  young  have  the  appearance  of 
very  small,  yellow  mites  or  lice  (Fig.  63, 
F).  They  have  six  well-developed  legs, 
and  two  antenna),  and  crawl  about  over 
the  surface  of  the  bark  for  a  short  time. 
On  finding  a  place  wrhich  is  attractive 
to  them,  they  insert  their  slender, 
thread-like  mouth  parts  through  the  bark  and  begin  sucking  the  sap. 
Very  shortly  after  this  they  molt  or  shed  their  skins  and  with  the  old 
skin  lose  their  legs  and  feelers,  becoming  mere  flattened  yellow  sacks 
attached  to  the  bark  of  the  tree  by  their  sucking  mouth  parts.  As  the 
insect  grows,  a  waxy  secretion  is  given  off  from  the  body  and  this  hardens 
into  the  protective  scale  under  wrhich  the  insect  lives.  There  are  from 
two  to  possibly  six  generations  of  the  scale  each  year;  the  smaller  number 
occurring  in  the  northern  part  of  the  country,  and  the  larger  in  the 
extreme  southern.  The  insect  increases  most  rapidly  in  dry,  hot  seasons, 
it  having  been  determined  that  the  progeny  of  a  single  female  insect 
could  be  wrell  over  30,000,000  in  a  single  year. 

The  insect  is  carried  accidently  from  orchard  to  orchard  on  the  bodies 
of  birds  and  Larger  insects,  and  also  to  B  greater  extent  by  being  blown 
through  the  air  by  the  wind.  It  has  been  spread  throughout  the  entire 
country  on  shipments  of  infested  nursery  stock,  the  original  infestation  in 
this  country  having  been  started  from  an  importation  of  Chinese  plants 


Fig.  350. — 'San  Jose  scale,  adult  male 
greatly  enlarged.  (From  III.  State  Xat. 
Hint.  Sur.) 
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which  were  Bet  out  on  the  grounds  of  a  large  estate  at  San  .Jose,  California, 

aboul  1870;  and  from  that  city  the  scale  gets  the  name  by  which  it  is 
known  in  North  America. 

Control  Mt(ixu/-(\s. — The  best  method  of  controlling  this  insect  is  by 
the  use  of  a  dormant  spray  which  will  kill  the  insect  by  the  action  of  the 
spray  on  its  body.  From  the  time  of  the  general  spread  of  the  scale  in 
the  east,  about  1905,  up  to  1921,  lime-sulfur  was  the  material  generally 
used  for  this  purpose. 

The  years  1917  to  1923,  were  extremely  favorable  to  the  San  Jose 
scale  in  Arkansas  and  Illinois,  and  in  many  orchards  the  lime-sulfur  solu- 
tion did  not  give  a  satisfactory  control.  More  effective,  and  also  less 
expensive,  sprays  are  the  so-called  lubricating  oil  emulsions  (see  p.  250). 
For  moderate  infestations  of  scale,  1J£  gallons  of  a  66?^  per  cent  stock 
emulsion  should  be  mixed  in  50  gallons  of  water,  applying  the  spray  dur- 
ing the  dormant  stage  of  the  trees.  For  severe  infestations,  2  gallons  of  the 
stock  emulsion  should  be  used  in  50  gallons  of  water.  This  spray  should  not 
be  used  in  tanks  that  have  contained  lime-sulfur  solution,  without  a  thor- 
ough cleaning.  With  severe  infestations  of  San  Jose  scale,  this  spray  has 
been  found  superior  to  lime-sulfur,  and  the  most  effective  control.  Lime- 
sulfur  is  effective  in  the  cooler  parts  of  the  country.  It  should  be  used  at 
a  dilution  of  1  part  to  7  or  8  parts  of  water  where  the  concentrated  lime- 
sulfur  solution  tests  33°  Be.  (see  Table  XI,  p.  249).  There  are  also  a 
number  of  commercial  oil  sprays  that  have  given  excellent  control  of 
San  Jose  scale  when  properly  used. 

Fall  spraying  with  lime-sulfur  may  be  practiced  where  for  any  reason 
it  is  not  easy  to  spray  in  the  spring,  but  the  results  obtained  have  not  been 
quite  as  good  as  those  from  the  spring  applications.  With  the  oil  sprays, 
the  application  may  be  made  at  any  time  when  the  tree  is  in  a  dormant 
condition  and  the  temperature  is  above  freezing.  In  some  of  the  western 
states,  damage  to  the  trees  has  resulted  where  oils  have  been  used  just 
before  a  drop  in  temperature  to  20°  F.  below  zero  or  lower.  The  spring 
applications  are  most  effective,  if  made  just  before  the  leaves  appear 
on  the  trees. 

In  order  to  control  San  Jose  scale,  it  is  necessary  to  do  the  most 
thorough  and  careful  spraying.  Bear  in  mind  when  spraying,  that  only 
those  insects  which  are  actually  hit  by  the  spray  will  be  killed,  that  the 
insect  to  be  hit  varies  from  the  size  of  a  pencil  point  to  that  of  a  pinhead, 
and  that  they  are  generally  distributed  all  over  the  bark  of  the  tree  on  the 
twigs,  branches,  and  trunk. 

References. — III.  Agr.  Exp.  Sta.  Circ.  180,  1915;  Bull.  III.  State  Nat.  Hist.  Survey, 
Vol.  17,  Art.  V,  1928;  U.  S.  Dept.  Agr.  Farmers'  Bull.  650,  1915;  U.  S.  Dept.  Agr. 
Bur.  Entomol.  Bull.  62,  1906.  Experiment  Station  publications  of  nearly  all  fruit- 
growing states. 
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ScuRFi   Scale1 


Importance  and  Type  of  Injury.     This  insect  is  found  on  the  bark  of 

the  tree  in  the  form  of  a  grayish-white  scale,  about    !  s  inch  Long,  rounded 

at  one  end  and  tapering  to  a  rather  sharp  point  at  the  other  (Fig.  351). 

Scales  are  usually  more  abundant  on  the  shaded  parts  of  the  tree  and  in 
orchards  where  trees  have  not  been  properly  pruned  or  the  foliage  is  too 
dense.  The  injury  is  much  the  same  as  that  caused  by  the  San  Jose  scale, 
but  not  nearly  so  severe.     The  fruit  is  sometimes  spotted  by  this  insect . 

Plants  Attacked.-  Pear,  apple, 
gooseberry,  currant,  black  raspberry, 
Japan  quince,  mountain  ash,  and 
other  common  deciduous  trees  and 
bush  fruits. 

Distribution. — This  is  a  native 
insect  which  is  found  in  the  United 
States,  from  Idaho  and  Utah 
east  ward. 

Life  History,  Appearance,  and 
Habits. — The  scurfy  scale  passes  the 
winter  as  reddish-purple  eggs  under 
the  female  scale.  The  eggs  hatch 
rather  late  in  the  spring  after  the 
apple  trees  have  come  into  full  leaf. 
The  minute,  purplish,  young  nymphs 
crawl  about  for  a  few  hours  and 
then  settle  down  on  the  bark  for  the 
remainder  of  their  lives.     The  female 

scales  are,  when  full-grown,  about  J£  inch  in  length,  the  males  are  only 
about  one-fourth  as  long,  and  are  covered  by  a  narrow,  straight-sided, 
white  scale  with  three  distinct  ridges  along  the  back  of  it.  From  these 
scales  the  minute,  two-winged  males  emerge  and  fly  about  to  seek 
the  females.  The  males  die  soon  after  mating  and  the  females  after  they 
have  laid  their  eggs.  There  are  two  generations  of  the  insect  each  year 
throughout  most  of  the  country,  but  only  one  generation  occurs  in  the 
North. 

Control  Measures. — The  control  measures  given  for  the  San  Jose  scale 
will  be  found  effective  for  this  insect,  the  lime-sulfur  spray  being  entirely 
satisfactory. 


Fig.  351. — Scurfy  scale,  Chionaspis  fur- 
fura  Fitch,  a,  female  scales  on  twig,  natural 
size;  b,  male  scales  on  twig  natural  size;  c, 
female  scale  about  twenty  times  natural 
size;  d,  male  scale  about  twenty  times  nat- 
ural size.      (From  U.  S.  D.  A.) 


Reference*. — Sli\(;erla\d  and  Crosby,  "Manual  of  Fruit  Insects/'  pp.  176-178, 
1915;  Ohio  Agr.  Exp.  Sta.  Circ.  143,  1914. 


1  Ckiowupis  furfura  Fitch,  Order  Homoptera,  Family  Coccidse 
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Apple  Oybti  r-  hi  ll  S<  llb1 

Importance  and  Type  of  Injury. — Small,  dark-brown  scales  are  found 
adhering  closely  to  the  bark  of  the  tree,  appearing  very  much  like  half 
of  a  minute  oyster  shell  (Fig.  352).  The  scales  are  about  Y%  inch  long  by 
one-third  as  wide.  They  usually  are  more  or  less  clustered  on  the  bark 
and  a  heavily  infested  tree  may  have  the  bark  entirely  covered.     The 

bark  of  the  injured  tree  usually  becomes  cracked 
and  scaly.  The  trees  lose  vigor,  the  foliage  is 
undersized  and  specked  with  yellow,  and  in  severe 
infestations  the  death  of  the  tree  results. 

Plants  Attacked. — Apple,  pear,  mountain  ash, 
quince,  plum,  raspberry,  currant.  A  very  closely 
related  species,  but  not  the  same,  has,  during  the 
past  few  years,  become  very  destructive  to  shade 
trees  (see  p.  675).  That  species  has  only  one  gen- 
eration, and  does  not  attack  the  apple  or  other 
fruit  trees. 

Distribution. — This  scale  is  largely  confined  to 
the  northern  two-thirds  of  the  United  States  and 
southern  Canada. 

Life  History,  Appearance,  and  Habits. — The 
insect  passes  the  winter  in  the  form  of  grayish- 
white  minute  eggs  tightly  enclosed  under  the  wax 
of  the  parent  scale.  From  40  to  60  or  more  of 
these  eggs  will  be  found  under  each  female  scale. 
The  eggs  hatch  late  in  the  spring  after  the  apple 
trees  have  bloomed.  The  young  nymphs,  which 
are  very  small  and  whitish  in  color,  crawl  about 
over  the  bark  for  from  a  few  hours  to  1  or  2  days. 
Once  having  inserted  their  beaks  into  the  bark, 
they  begin  the  formation  of  a  waxy  scale  coating 
which  covers  their  bodies,  and  soon  shed  their  skins  and  their  antenme 
and  legs  along  with  them.  The  scale  is  white  at  first,  but  later  changes 
to  polished  brown.  The  insects  become  full-grown  about  the  middle  of 
July;  the  males  then  emerge  as  winged  insects,  and  the  females,  after 
mating,  deposit  their  eggs  under  their  scales,  the  body  gradually  shrink- 
ing toward  the  pointed  end  of  the  scale  as  the  eggs  are  deposited.  The 
females  die  shortly  after  the  last  eggs  are  laid.  These  eggs  hatch  in 
about  2  weeks,  and  the  second  generation  of  scales  becomes  full  grown 
during  the  early  fall,  there  being  two  generations  of  this  insect  each  season 
over  much  of  its  range.  In  the  northern  part  of  its  range,  probably  only 
one  generation  occurs. 

1  Lepidosaphes  ulmi  Linne,  Order  Homoptera,  Family  CoccidaD. 
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Fig.  352.— Twig  in- 
fested with  apple  oyster- 
shell  scale,  Lepidosaphi  s 
ulmi  Linne;  about  three 
times  natural  size.  (From 
III.  State  Nat.  Hist.  Sur.) 
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Control   Measures,      The  Oyster-shell   scale  docs  not    yield   readily   to 

dormant  treatments  of  oil  emulsion  or  lime-sulfur,  and  where  infestations 

are  very  severe,  a  summer  spray  with  oil  or  lime-sulfur  may  be  necessary. 
Dormant  sprays  of  lime-sulfur,  applied  in  the  same  manner  and  at  the 
same  strength  as  for  the  San  Jose  scale,  will  control  all  but  the  heaviest 
infestations,  especially  if  followed  by  the  usual  summer  sprays  of  lime- 
sulphur,  1  to  50  (see  Spray  Schedule,  p.  586).  Where  serious  infestations 
occur,  a  2  per  cent  refined  oil  emulsion  applied  just  at  the  time  that 
the  young  scales  are  hatching  and  crawling  about  over  the  bark,  unpro- 
tected by  their  waxy  covering,  is  very  effective.  No  fixed  date  can  be 
given  for  applying  this  spray,  and  it  will  be  necessary  in  order  to  accom- 
plish the  best  results  to  watch  the  trees  carefully  and  spray  as  soon  as 
the  crawling  young  appear  in  numbers.  In  the  latitude  of  central 
Illinois,  hatching  occurs  about  the  first  of  June. 

References. — Ohio  Agr.  Exp.  Sta.  Circ.  143,  1914;  U.  S.  Dept.  Agr.  Farmer*'  Bull. 
1270,  1922. 

Apple  Aphids 

Importance  and  Type  of  Injury. — Aphids  of  three  different  species  are 
common  on  the  foliage,  fruit,  and  twigs  of  apple  trees  throughout  the 
country.  These  are  known  as  the  rosy  apple  aphid,  the  green  apple  aphid 
and  the  apple-grain  aphid.  The  last  named  is  of  little  importance, 
although  usually  the  most  abundant  early  in  the  season.  The  relative 
abundance  varies  greatly  with  different  seasons,  sometimes  one  species 
being  extremely  abundant  and  the  others  scarce,  while  in  other  years  all 
three  may  be  very  numerous.  In  many  years  the  injury  from  aphids  is 
slight.  When  they  are  abundant  their  feeding  causes  the  leaves  to  curl 
and  the  stems  and  twigs  to  become  stunted  and  unhealthy  in  appearance. 
The  new  twig  growth  sometimes  assumes  a  curled  and  twisted  appearance, 
even  forming  a  loop.  In  many  cases,  particularly  when  attacked  by  the 
green  and  rosy  aphids,  the  apples  remain  very  small.  Many  of  these 
fruits  are  also  somewhat  misshapen,  hard  and  knotty  in  texture,  and 
characteristically  puckered  around  the  calyx  end  (Fig.  354).  The  rosy 
apple  aphid  is  the  most  injurious  species  of  aphid  occurring  on  the  foliage 
of  the  apple.  A  fourth  species,  the  woolly  apple  aphid,  does  not  injure 
the  fruits,  but  is  common  on  trunks,  branches,  and  roots. 

Rosy  Apple  Aphid1 

Plants  Attacked. — Apple  is  the  favorite  host,  although  the  insect  feeds 
also  on  pear,  thorn,  and  Sorbus  and,  during  the  summer,  on  the  narrow- 
leaved  plantain. 

1  Anvraphis  roseus  Baker,  Order  Ilomoptcra,  Family  Aphididic. 
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Distribution.— -(inn-nil  throughout  t h< *  United  Sta  •  ind  apple- 
growing  sections  of  Canada. 

Life  History,  Appearance,  and  Habits. — The  dark-green,  shiny,  ovate 
eggs,  in  which  Stage  fche  insect  passes  the  winter,  are  attached  to  the  hark 
of  the  twigfi  and  branches  and  usually  hidden  away  in  crevices  in  the  hark 
or  the  depressions  and  wrinkles  formed  around  the  buds,  twigs,  and  old 


Pig.  353. — Eggs  of  the  three  common  species  of  apple  aphids,  enlarged. 
(Cornell)  Ayr.  Exp.  Sta.  Memoir  24,  June,  1919.) 


(From  N.    Y. 


wounds  (Fig.  353).  The  eggs  begin  to  hatch  when  the  buds  start  opening 
in  the  spring.  With  this  species,  the  eggs  do  not  all  hatch  at  once,  but 
continue  for  2  weeks  or  sometimes  longer.  The  young  aphids  (Fig.  355) 
make  their  way  to  the  newly  opening  buds  and  feed  on  the  outside  of  the 
leaf -bud  and  fruit-bud  clusters,  until  the  leaves  have  begun  to  unfold. 
They  then  work  their  way  down  the  inside  of  the  clusters  and  begin  suck- 
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ing  the  sap  from  the  steins  and  newly  formed  fruits.  Their  feeding 
causes  the  leaves  to  curl,  and  this  affords  the  aphids  protection  from  some 
of  their  natural  enemies  and  from  sprays  or  dusts  applied  to  the  tree  for 
their  control.  The  aphids  which  hatch  from  the  eggs  are  all  females,  and 
are  called  the  stem-mothers,   as  they  are  the  mothers  of  the  season's 


Fig.  354. — Apples  injured  by  rosy  apple  aphid.      (From  X.    Y.   (Cornell)   Ayr.  Exp.  Sta. 

Memoir  24,  June,  1919.) 


brood.  In  about  2  weeks  or  a  little  longer,  depending  on  the  weather, 
these  stem-mothers,  without  mating,  begin  giving  birth  to  young,  and 
these  young  in  turn  begin  reproducing  in  about  2  weeks.  The  body  of 
the  aphid  has  a  somewhat  waxy  coating  and  usually  a  slight  purplish  or 
rosy  tinge.  They  continue  on  the  apple  dining  May,  and  in  smaller 
numbers  through  June  and  July.  I  luring  the  early  summer,  they  migrate 
to  stems  and  stalks  of  the  narrow-leaved  plantain,  where  they  feed  and 
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reproduce  until  fall.  In  the  fall,  winged  ovoviviparoua  females  fly  hack 
to  apple  trees  and  give  birth  to  the  true  egg-laying  females.  The  males 
develop  a  little  later  and  fly  to  mate  with  the  true  females,  which  then 
deposit  their  eggs  in  the  situations  above  mentioned.  The  eggs  hatch 
the  following  spring. 

Control  Measures. — The  most  effective  method  of  controlling  this 
aphid  is  to  spray  with  a  strong  contact  insecticide  applied  when  the  Leaf 
buds  are  showing  tip  green,  and  before  the  leaves  have  reached  a  sufficient 
size  to  afford  shelter  for  the  newly  hatched  aphids.  Three  per  cent  lubri- 
cating-oil  emulsion  will  give  a  fair  kill  of  these  aphids,  but  not  enough  for 
satisfactory  control  in  years  when  they  are  abundant.  A  2  per  cent  oil 
emulsion  with  40  per  cent  nicotine  sulfate,  at  1  part  to  2,000,  has  given 


Fig.  355. — Newly  hatched  nymphs  of  the  three  common  apple  aphids.  1,  the  green 
apple  aphid;  2,  the  rosy  apple  aphid;  and  3,  the  apple-grain  aphid,  much  enlarged.  (From 
N.  Y.  (Geneva)  Ayr.  Exp.  Sta.  Bull.  431.) 


very  satisfactory  results.  Apparently  all  aphids  are  killed  which  are 
thoroughly  wet  with  nicotine  sulfate  used  at  the  rate  of  1  part  to  800,  in 
lime-sulfur  solution,  or  in  water  with  1  pound  of  potash  soap  to  each  25 
gallons.  After  the  leaves  are  about  half  grown,  nicotine  dusts  (see  p.  241) 
have  given  better  results  than  sprays. 

It  is  only  during  an  occasional  season  that  these  insects  become  destruc- 
tively abundant.  They  are  preyed  upon  by  many  natural  enemies, 
including  the  lady  beetles,  syrphid  flies,  and  aphid  lions.  In  seasons 
when  the  spring  is  warm,  the  natural  enemies  usually  become  sufficiently 
abundant  to  control  the  aphids,  and  it  is  rarely  necessary  in  such  years  to 
resort  to  artificial  measures  of  control.  When  the  spring  is  cold  and 
backward,  the  aphids  usually  increase  more  rapidly  than  their  enemies, 
and  it  is  in  such  seasons  that  the  greatest  damage  occurs. 

References.— Me.  Agr.  Exp.  Sta.  Bull.  233,  1914;  JV.  Y.  (Cornell)  Agr.  Exp.  Sta.  Mem. 
24,  1919;  N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bulls.  415,  1916;  431,  1917;  and  461,  1919; 
U.  S.  Dept.  Agr.  Farmers1  Bull.  1128,  1920. 
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Green  Apple  Aphid1 
The  green  apple  aphid  has  much  the  same  life  history  as  the  rosy 

apple  aphid.  Il  passes  the  winter  in  the  same  manner  in  the  egg  stage  on 
the  bark  of  the  trees.  Unlike  the  rosy  aphid,  it  remains  on  the  apple 
t  rees  during  the  entire  summer.  It  is  difficult  for  the  orehardist  to  (list  i n- 
guish  t  he  nymphs  and  eggs  of  this  species  from  those  of  t  he  rosy  aphid  and 
apple-grain  aphid  (see  Figs.  353,  355). 

Trees  Attacked. — Apple,  pear,  wild  crab,  hawthorn,  and  possibly 
others. 

Distribution. — General  in  the  apple-growing  sections  of  North 
America. 

Control  Measures. — The  control  measures  are  the  same  as  for  the  rosy 
aphid,  but  somewhat  more  effective  because  of  the  fact  that  the  eggs  of 
this  species  nearly  all  hatch  within  a  few  days  and  the  young  will  all  be 
clustered  on  the  buds  at  the  time  when  the  most  effective  spraying  can 
be  done.  Since  the  green  apple  aphid  remains  on  the  apple  during  the 
summer,  and  there  may  be  some  migration  from  one  orchard  to  another, 
a  summer  application  of  nicotine  may  be  necessary.  This  species  is  also 
subject  to  wide  fluctuations  in  abundance,  being  controlled  by  the  same 
natural  enemies  as  those  attacking  the  more  injurious  rosy  aphid. 

References. — Soo  under  Rosy  Apple  Aphid. 

Apple-grain  Aphid2 

This  aphid  spends  practically  its  entire  feeding  period  on  various 
grains  and  grasses,  being  particularly  abundant  on  the  small  grains  com- 
monly grown  in  the  United  States.  It  is  of  very  little  importance  as  an 
apple  pest,  as  it  does  not  remain  on  the  apple  tree  long  enough  to  cause 
serious  deforming  of  the  fruit,  twigs,  or  foliage.  Its  eggs  are  laid  on  the 
apple  twigs  and  cannot  readily  be  distinguished  from  the  two  species 
previously  discussed.  In  some  states  its  eggs  are  by  far  the  most  abund- 
ant of  the  species  found  on  apple,  and  for  this  reason,  one  cannot  tell  from 
the  number  of  aphid  eggs  found  on  twigs  during  the  winter,  whether  or  not 
serious  injury  from  these  insects  is  likely  to  occur  the  following  spring. 
The  appearance  of  great  numbers  of  these  aphids  on  the  buds  in  early 
spring  may  cause  alarm,  but  they  soon  disappear  from  the  apple. 

Plants  Attacked. — Apple,  pear,  wild  crabs,  and  haws;  and  grains  and 
grasses  during  the  summer. 

Distribution. — General  throughout  the  country. 

Control  Measures. — No  control  measures  are  necessary  for  this  species 
on  apple. 

References. — See  under  Rosy  Apple  Aphid. 

1  Aphis  pomi  De  Geer,  Order  Homoptera,  Family  AphidicUe. 

2  Rhopalosi phum  prunifaUa  (Pitch),  Order  Homoptera,  Family  Aphidide. 
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\\  oolli    Ai ti.i    Aphid1 

Importance  <in<i  Type  of  Injury,  White  cottony  masses  covering  pur- 
plish aphids,  clustered  in  wounds  on  the  trunk  and  branches  of  apple, 
quince,  elm,  pear,  and  mountain  ash,  or  on  Large  knots  on  the  roots  and 
underground  parts  of  the  trunk  (Fig.  356).  Infested  trees  often  with 
many  short  fibrous  roots.  These  injuries  sometimes  cause  the  death  of 
the  tree,  stunting,  or  serious  retardation  of  growth.  The  injury  on  elm 
causes  the  formation  of  close  clusters  of  stunted  leaves  at  the  tips  of  the 
twigs,  the  Leaves  being  lined  with  purplish  masses  of  aphids. 

Trees  Attacked. — Apple,  pear,  hawthorn,  mountain  ash,  elm. 

Distribution. — World-wide. 

Life  History,  Appearance,  and  Habits. — In  the  North  the  winter  is 
passed  in  the  two  forms,  the  eggs,  and  the  immature  nymphs.  The  eggs 
are  normally  deposited  in  cracks  or  protected  places  on  the  bark  of  the 
elm.  The  nymphs  hibernate  under  ground  on  the  roots  of  apple.  In  the 
warmer  parts  of  the  country,  the  egg-laying  females  may  winter  over  on 
apple  trunks  and  branches.  The  eggs  hatch  early  in  the  spring.  The 
aphids  that  emerge  from  these  eggs  are  wingless  and  feed  on  the  elm  buds 
and  leaves  for  two  generations.  They  then  produce  a  winged  form  which 
migrates  to  the  apple,  hawthorn,  and  mountain  ash.  They  feed  to  some 
extent  in  wrounds  on  the  trunk  and  branches,  and  many  work  their  way 
down  the  trunk  below  the  surface  of  the  ground.  Their  most  severe 
injury  is  caused  by  feeding  on  the  roots.  During  the  summer  the  aphids 
reproduce  by  giving  birth  to  living  young.  In  the  fall  the  wingless  males 
appear  and  mate  with  wingless  females,  each  female  laying  a  single  egg  in 
the  situations  above  described.  Some  winged  females  are  present  during 
the  entire  summer.  The  body  of  this  aphid  is  really  of  a  reddish  or 
purplish  color,  but  is  nearly  hidden  under  masses  of  bluish-white  cottony 
wax  that  is  exuded  by  the  insect. 

Control  Measures. — The  forms  living  on  the  trunk  and  branches  of  the 
tree  may  be  killed  by  thorough  spraying  with  the  spray  solutions  already 
recommended  for  the  green  and  rosy  apple  aphids.  The  spray  will  have 
to  be  applied  with  strong  pressure  in  order  to  hit  the  bodies  of  the  aphids, 
which  are  well  protected  by  their  waxy  covering.  The  root-infesting 
forms  may  be  killed  on  nursery  stock  by  dipping  the  roots  in  a  strong 
nicotine  solution.  Various  methods  of  soil  fumigation  and  applications 
of  liquids  have  been  tried  against  these  insects,  but  up  to  the  present  time 
without  much  success.  Cultivation  and  fertilization  that  will  keep  the 
trees  in  a  vigorous  growing  condition  will  help  in  lessening  the  damage  by 
these  insects.     One  should  be  careful  to  avoid  setting  out  infested  trees. 

References.— U.  S.  Dept  Agr.  Office  of  Secretary,  Rept.  101,  1915;  U.  S.  Dept.  Agr. 
Farmers'  Bull.  1270,  1922;  Me.  Agr.  Exp.  Sta.  Bulls.  217  and  220,  1913,  and  256,  1916. 

1  Eriosoma  lanigerum  (Hausman),  Order  Homoptora,  Family  Aphididse. 
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,.,.,    356,    Woolly   apple   aphid,    »*~~£!tt   XX&J^" 
above.     At  center,  cluster  ol  wax-covered  aph  da  -;     ;  rooVinfesting  form. 

enlarged  at  right.     Roots  showing  ?"*ESE^£^ The  I«1  iw..  reduced  in  siae. 
below.     A  cluster  of  aphids  in  prunnig  scar  at  Lower  ngm. 
[From  III.  Statt  Nat.  BitA.  Bur.) 
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Apple  Leafhoppers1 

Importance  and  Type  of  Injury. — During  late  summer  and  fall,  apple 
foliage  becomes  pale  in  color,  with  little  specks  of  greenish  white  showing 

through  from  the  under  surface  of  the  leaves.  The  new  foliage  becomes 
curled,  the  margins  of  leaves  sometimes  burned,  and  the  fruits  speckled 
with  minute  deposits  of  excrement.  Many  flimsy,  white,  shed  skins  of 
the  leaf  hoppers  are  left  on  the  under  sides  of  the  leaves.  Severely  injured 
leaves  fall  from  the  trees.  One  of  the  species2  is  also  a  pest  of  first  impor- 
tance on  potatoes  (see  p.  475). 

Plants  Attacked. — Apple,  rose,  currant,  gooseberry,  raspberry,  potato, 
sugar  beet,  bean,  and  celery,  besides  more  than  a  dozen  other  plants, 
including  weeds,  grasses,  grains,  and  shade  trees. 

Distribution. — General  in  the  United  States. 

Life  History,  Appearance,  and  Habits. — The  apple  leaf  hopper2  passes 
the  winter  as  a  full-grown  insect,  hidden  away  among  the  leaves  under 
trees  in  the  orchards  and  under  any  other  shelter,  such  as  bushes  or  wood- 
lands in  the  vicinity  of  the  orchard.  The  rose  leafhopper3  and  another 
common  apple  leafhopper,4  pass  the  winter  in  the  egg  stage  under  the 
bark  of  apple,  rose,  and  other  plants.  Those  hibernating  as  adults 
become  active  very  early  in  the  spring,  the  common  species  flying  about 
and  mating  before  the  buds  of  the  trees  have  begun  to  show  green.  When 
the  leaves  appear,  the  insects  begin  laying  their  eggs,  which  are  pushed 
into  the  midrib,  or  larger  veins  and  stems  of  the  leaves.  The  first  genera- 
lion  nymphs  appear  about  the  time  the  leaves  become  full-grown,  or 
shortly  thereafter.  They,  as  well  as  the  adults,  feed  by  sucking  the  sap 
from  the  underside  of  the  leaves.  The  nymphs  are  a  pale  green  to 
greenish-white  in  color,  wingless,  but  are  very  active,  running  forward, 
backward  or  sidewise,  with  equal  ease.  They  reach  maturity  about 
midsummer,  change  to  the  adult  stage,  and  deposit  eggs  for  the  second 
generation,  which  becomes  full-grown  during  the  early  fall.  Some  of 
the  species  found  in  orchards  differ  somewhat  in  their  life  history  from 
the  above,  but  not  to  an  extent  to  be  of  any  significance  in  the  applica- 
tion of  control  measures. 

Control  Measures. — Up  to  the  present  time,  it  has  not  been  generally 

thought  necessary  to  adopt  any  special  means  of  controlling  these  insects. 

They  have  apparently  been  increasing  in  numbers  during  the  last  few 

years,  and  it  may  be  necessary  to  control  them  in  the  near  future.     Should 

their  injuries  be  deemed  sufficient  to  warrant  the  expense  of  a  nicotine  or 

derris  spray,  this  will  be  found  quite  effective  in  killing  the  young  nymphs. 

The  nicotine  or  derris  should  be  used  at  a  strength  of  1  part  to  800  parts  of 

1  Several  species  of  the  Order  Homoptera,  Family  Cicadellidae. 
-  Empoasca  fabw  Harris. 

3  Empoa  rosiF  (Linnc'O. 

4  Empoasca  maligna  Walsh. 
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water.     One  pound  of  potash  fish-oil  soap  should  be  dissolved  In  each  25 
gallons  of  the  spray  solution,     ('lean  cultivation  and  proper  pruning  will 

aid  in  keeping  down  the  numbers  of  these  insects. 

References.— U.  S.  Dept.  Agr.  Dept.  Bull.  805,  L919;  N.  Y.  (Geneva)  Agr.  Exp.  8ta. 
Hull.  451,  L918;  Jour.  Fen.  Entomol.  Vol.  17,  p.  594,  L924. 

(  Ilovbb  Mite1 

Importance  <ni<l  Type  of  Injury. — Occasionally  during  the  dormant  Btage  of  the 

tree  one  will  find  small  reddish  or  pinkish  eggs  attached  to  the  surface  of  the  hark 
around  the  huds  and  tips  of  the  twigs.     They  arc  sometimes  so  numerous  that  the 


]'i...  357. 


Adult  clover  mite,  Bryobia  pnetiosa  Koch;  greatly  enlarged.      (From  ('.  S.  D.  A. 
Farmers'  Bull.  1270.) 


twigs  have  a  reddish  appearance.  These  are  the  eggs  of  a  little  creature  related  to 
Spiders  and  ticks,  and  known  as  the  clover  mite.  The  eggs  of  some  other  species  of 
mites  are  found  in  the  same  situations.     The  most  characteristic  and  easily  noticed 

indication  of  the  presence  of  this  mite  is  that  of  the  eggs  during  the  winter.  In  dry 
seasons  the  mites  sometimes  do  considerable  harm  to  apples.  Infested  foliage  takes 
On  a  thin  yellowish  appearance  and,  during  prolonged  drouth,  many  of  the  leaves  often 
fall  from  the  trees. 

Plants  Attacked.-   Apple,  peach,  prune,  plum,  peer,  cherry,  raspberry,  and  many 
foresl  trees  and  herbaceous  plants. 

Distribution, —  Northern  United  States  and  Canada. 

1  Bryobia  pratHoea  Koch,  Order  Acarina,  Family  Tetranychidse. 
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Life  History,  Appearance,  and  Habit*. — Tin  re  deposited  by  the  adult  females 

during  the  late  fall.     The  mites  hatch  in  the  early  spring  and  feed  on  the  foliagi 
trees  to  Borne  extent,  though  they  depend  mainly  on  the  leaves  ol  many  herbao 

plants.     They  arc  eight-legged,  reddish  creatures,  smaller  than  a  pinhead,  with  the 

fronl    legs   much  longer  than  the  others   (Fig.  357).      Their  injuries  an-   more  :ipt    to 

cause  damage  to  the  stone  fruits,  particularly  the  plum.  There  are  a  Dumber  of  gener- 
ations throughout  the  growing  season.     Occasionally  in  the  tall  the  mites  will  invade 

houses  in  large  numbers,  and,  while  they  cause  no  damage  inside  the  houses,  their 
presence  is  extremely  annoying. 

Control  Measures. — Spraying  such  as  is  ordinarily  practiced  for  San  Jose  scale, 
using  either  lime-sulfur  or  the  lubricating-oil  emulsion,  will  clean  up  orchards  infested 
by  these  mites.  Occasionally  it  may  be  necessary  to  give  a  summer  spray.  In  such 
a  case,  the  summer-strength  lime-sulfur,  that  is,  1  gallon  of  the  liquid  or  4  pounds  of 
the  dry  lime-sulfur  to  50  gallons  of  water,  is  effective  in  controlling  these  pest>. 

Reference.— Colo.  Agr.  Exp.  Sta.  Bull.  152,  1909. 

European  Red  Mite1 

Importance  and  Type  of  Injury. — This  insect  is  becoming  one  of  the 
most  important  fruit  pests  of  the  eastern  United  States  and  Canada. 
The  injured  trees,  if  the  infestation  is  slight,  show  specking  of  the  foliage; 
if  the  infestation  is  heavy,  the  foliage  is  pallid  and  sickly  in  appearance, 
and  from  a  little  distance  has  the  appearance  of  being  covered  with  dust. 
Many  of  the  injured  leaves  drop.  The  fruit  is  undersized  and  of  poor 
quality  and  color. 

Trees  Attacked. — This  species  has  been  taken  from  pear,  apple,  peach, 
plum,  cherry  many  other  trees  and  roses,  and,  on  the  Pacific  coast,  from 
citrus. 

Distribution. — The  European  red  mite  is  now  known  to  be  generally 
distributed  throughout  the  United  States  east  of  the  Mississippi  River. 
In  the  West,  it  is  known  to  occur  in  Arizona,  California,  Idaho,  Oregon, 
Utah,  and  Washington. 

Life  History,  Appearance,  and  Habits. — The  mite  passes  the  winter  in 

the  form  of  a  somewhat  flattened,  spherical  egg  of  a  dull  red  color.     The 

egg  has  a  distinct  style  or  stalk  which,  at  least  in  the  related  citrus  mite, 

is  attached  to  the  bark  by  several  threads  (Fig.  358).     According  to 

MacGregor  and  Newcomer,  the  guy  threads  are  not  made  by  the  species 

that  attacks  deciduous  fruits.     The  eggs  hatch  in  the  spring  just  before 

the  time  of  apple  bloom.     The  young  mites  crawl  to  the  leaves  and  feed 

upon  them,  becoming  full-grown  in  2  to  3  weeks  if  the  weather  is  warm,  or 

after  a  longer  period  if  cool.     After  mating,  the  females  lay  their  eggs  to 

the  average  number  of  about  30  or  35.     Generation  succeeds  generation, 

all  stages  of  the  mites  being  found  on  the  trees  during  the  summer  months. 

The  average  length  of  the  life  cycle  is  about  35  days,  and  there  are  from 

1  Paratetranychus  pilosus  C.  and  F.,  Order  Aearina,  Family  Tetranychidae.  This 
mite  was  formerly  called  the  citrus  red  spider,  Tetranychus  mytilaspidis  Riley. 
According  to  McGregor  and  Newcomer  it  is  distinct  from  tin;  citrus  red  spider, 
and  the  latter  should  be  called  Paratetranychus  citri  McGregor. 
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Four  to  six  generations  a  year.     The  adult  females  are  a  little  less  than 

'.-,,)  inch  in  length,  willi  four  rows  of  long  curved  spines  down  the  hack. 
Hot,  dry  weather  is  favorable  to  the  increase  of  these  mites. 

control.  Thorough  spraying  during  ihe  dormanl  period  wit  h  a  good 
tniscible  oil  or  home-made  soap-lubricating-oil  emulsion  1ms  proved  very 
effect  ive  in  t  he  eont  rol  of  t  his  species.  Where  t  hese  sprays  are  applied,  a 
satisfactory  commercial  control  can  be  obtained.  Spraying  during  the 
summer  with  commercial  lime-sulphur  at  the  rate  of  1  gallon  to  50  gallons 
of  water,  as  recommended  for  the  control  of  several  plant  diseases  of  the 
apple,  will  aid  in  controlling  these  mites.     The  same  schedule  should  be 


Fig.  35S. — The  citrus  mite,  a  very  close  relative  of  the  European  red  mite, 
Paratrtranychus  pilosus  C.  and  F.;  mites  and  one  of  their  eggs  showing  the  silken  threads, 
like  guy  wires,  that  stretch  from  the  leaf  to  the  top  of  the  egg  stalk.  (From  Quayle,  Univ. 
of  California.) 

followed  as  that  recommended  for  the  control  of  apple  scab  and  blotch. 
The  dormant  spray,  however,  is  the  most  satisfactory  method  of  control. 

References. — Conn.  Agr.  Exp.  Sta.  Bvll.  252,  1923;  Dom.  Canada  Dept.  of  Agr., 
Entomol.  Branch,  Circ.  39,  1925;  U.  S.  Dept.  Agr.,  Tech.  Bull.  25,  1927;  Jour.  Agr. 
lu  search  Vol.  36,  No.  2,  1928. 


Spring  Cankerworm1 

Importance  and  Type  of  Injury. — The  foliage  of  the  trees  is  eaten  and 
skeletonized  by  measuring  worms.  The  injury  occurs  just  about  the 
time  the  trees  have  come  into  full  foliage.  Silken  threads  are  spun  from 
branch  to  branch  on  the  tree  and  from  the  branches  to  the  ground. 
Brown  and  brownish-green  measuring  worms  about  1  inch  long  spin  down 
from  the  tree  when  it  is  jarred  or  shaken.  Heavily  infested  orchards 
have  much  the  appearance  of  having  been  scorched  by  fire. 

Trees  Attacked. — Apple,  elm,  and  many  other  fruit  and  shade  trees. 

1  Pdh acrita  vernata  Pock,  Order  Lepidoptera,  Family  Geometrids. 
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Distribution.     General,  easl  of  the  Rocky  Mountains;  southeastern 
( lanada;  also  in  ( California. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 

form  of  a  miked  brown  pupa  about  }  ■_>  inch  long  by  }£  inch  thick.  This 
pupa  is  found  in  the  soil  from  1  to  4  inches  below  the  surface,  and  in 
greatest  numbers  close  to  the  base  of  the  trees.  The  moths  begin  emerg- 
ing during  warm  periods  in  February  and  continue  coming  out  until  the 
end  of  April.  The  male  moth  is  strongly  winged  and  is  of  a  dull-gray 
appearance,  being  much  the  color  of  a  well-weathered  piece  of  board. 
These  moths  may  be  seen  flitting  about  from  tree  to  tree  at  dusk  in  the 
spring  evenings.  The  female  moth  is  wingless,  with  a  gray  body  (Fig. 
360).     On  emerging  from  the  ground,  the  female  crawls  to  a  tree  and  up 


Fig.  3f)9.- — Larva*  of  the  spring  cankerworm,  Palcacrita  vcrnata  Peek;  side  view,  showing 
the  two  pairs  of  prologs  near  tip  of  abdomen.  About  twice  natural  size.  (From  U.  S. 
D.  A.  Farmers'  Bull.  1270.) 

the  trunk,  or  on  to  the  branches,  where  she  mates  with  the  male  and 
deposits  her  eggs  in  masses  under  the  loose  scales  of  bark.  These  eggs 
hatch  in  about  a  month  into  small  greenish  or  brownish  measuring 
worms,  which  at  once  begin  to  feed  on  the  foliage.  These  worms  (Fig. 
359),  which  can  be  distinguished  from  the  fall  cankerworm  by  having  only 
two  pairs  of  prolegs,  near  the  end  of  the  body,  feed  for  3  weeks  to  1  month, 
and,  if  abundant,  may  completely  strip  the  foliage  from  the  trees.  At  the 
end  of  the  feeding  period,  they  crawl  or  spin  down  to  the  ground  where 
they  excavate  the  small  cells  in  which  they  change  to  the  pupal  stage  and 
pass  the  remainder  of  the  summer  and  the  following  winter. 

Control  Measures. — As  the  wingless  female  moths  crawl  up  the  tree  to 
deposit  their  eggs,  they  may  be  stopped  and  trapped  by  placing  a  band  of 
sticky  material,  such  as  tanglefoot,  around  the  trunk  of  the  tree  at  from 
2  to  4  feet  from  the  ground.  When  the  moths  are  abundant,  this  band 
should  be  watched  closely  during  March  or  April,  as  the  trapped  moths 
will  often  become  so  numerous  as  to  bridge  the  band  with  their  bodies, 
allowing  those  emerging  later  to  cross  without  being  caught.  As  the 
caterpillars  are  easily  poisoned  and  do  their  feeding  when  the  heaviest 
spray  applications  of  the  year  are  being  made,  they  are  never  abundant  in 
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well-sprayed  orchards.     They  may  be  easily  killed  by  a  spray  of  arsenate 

of  lead  at  t  ho  rate  of  1  pound  to  50  gallons  of  water.  In  unsprayed 
orchards,  late  Spring  and  summer  cultivation,  with  care  feo  work  close  to 
the  trunks  of  the  trees,  will  help  to  sonic  extent  in  reducing  their  injuries, 
by  dest  roying  t  ho  pup®. 

References.— Ohio  Aqr.  Exp.  Sta.  ('ire  65,  1907;  U.  S.  Dept.  Ayr.  Farmers'  Hull. 
1270,  L922;  ('.  8.  Dept.  Agr.  Dept,  Hull.  1238,  1924. 

Fall  Canker  worm1 


This  insect  has  practically  the  same  life  history  as  that  of  the  spring 
eankerworm,  and  is  controlled  by  the  same  measures.  It  differs  from  the 
other  species  in  that  the  moths  emerge  in  the  fall,  the  insect  passing  the 
winter  in  the  egg  stage  instead  of  in  the  pupal  stage,  as  is  the  case  with 

the  spring  species.  The  eggs  are  laid 
in  single-layer  groups,  each  egg  having 
a  flower-pot-like  shape.  The  worms 
hatch  and  feed  on  the  leaves  in  the  same 


Fig.  3G0. — At  left,  female  moths  of  fall  eankerworm,  Alsophila  pomctaria  Harris;  about 
twice  natural  size.  The  female  of  the  spring  eankerworm  is  similar  but  has  a  black  stripe 
down  the  middle  of  the  back  and  transverse  rows  of  reddish  spines  on  the  upper  side  of  the 
abdomen.  At  right,  larva  of  the  fall  eankerworm,  side  view,  showing  the  three  pairs  of 
prolegs  near  the  tip  of  abdomen.  About  twice  natural  size.  {From  U.  S.  D.  A.  Farmers' 
Bull.  1270.) 


manner  and  at  the  same  time  as  the  spring  eankerworm.  In  this  species, 
the  larva  has  three  pairs  of  prologs  near  the  tip  of  the  body  (Fig.  300). 

Trees  Attacked. — Apple,  elm,  and  many  other  fruit  and  shade  trees. 

Distribution. — Much  of  the  northern  United  States  and  southern 
Canada;  also  Colorado,  New  Mexico,  and  California. 

Control  Measures. — The  control  measures  are  the  same  as  for  the 
spring  eankerworm,  except  that  the  trees  should  be  banded  in  the  late  fall 
and  not  in  the  spring.  Cultivation  is  of  lit  t  le  value  for  this  species,  since 
it  forms  a  tough  cocoon. 

1  Alsophila  pomctaria  Harris,  Order  Lepidoptera,  Family  (leomotridap. 
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\iii  i    Plea  W  bb\  n.1 

Importance  and  Type  of  Injury. — This  insecl  has  been  more  destructive  in  Illinois 
than  in  any  other  State,  hut  it  is  apparently  spreading.      Very  small,  dull  black,  snout 
beetles aboul  Ko  mrn  l°nB  puncture  the  newly  opening  leaves  and  hud-  of  apple  ti 
early  in  the  spring.     In  the  summer  the  leaves  have  numerous  small  holes  eaten  oul 


Fig.  361. — Injury  to  apple  foliage  by  feeding  of  apple  flea  weevil  adults,  in  midsummer. 

(From  III.  State  Nat.  Hist.  Sur.) 


from  the  underside,  in  cases  of  severe  injury  appearing  as  if  riddled  by  very  fine  bird 
shot  (Fig.  361).  Yellowish-brown  larval  mines  start  from  near  the  center  of  the  leaf 
and  run  to  small  blister-like  cells  at  the  margin  of  the  leaf. 

Trees  Attacked. — Apple,  haw,  winged  elm,  hazelnut,  quince,  wild  crab,  blackberry. 

Distribution. — From  Missouri  and  Illinois  to  eastern  New  York  and  southward  to 
the  Ohio  River. 

Life  History,  Appearance,  and  Habits. — The  adults  pass  the  winter  in  trash,  grass, 
and  leaves  just  at  the  surface  of  the  ground,  usually  under  apple  trees.     They  become 

1  Orchcstes  pallicomis  Say,  Order  Coleoptera,  Family  Curculionidae. 
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active  as  soon  as  the  buds  begin  i<>  bwcII  in  1 1 1 < ■  Bpring,  some  crawling  up  the  trunk  of 
the  trees,  while  others  mount  the  stems  of  weeds  and  grasses  and  fly  to  the  newly 
opening  buds.  They  feed  for  1  or  2  weeks  on  the  newly  forming  leaves,  dropping  to 
the  ground  during  periods  of  cold  went  her  and  storms.  When  the  Leaves  are  about 
two-thirds  grown,  the  females  begin  depositing  their  eggs  along  the  midribs.     These 

eggs  hatch  into  small  grubs,  which  irvd  between  the  upper  and  under  surface  of  the 

leaf,  eating  out  a  Little  mine  which  is  extended  to  the  margin  of  the  Leaf.     Here  they 

hollow  out  a  cell  about    '  i   inch  across,  and  in  this  complete  their  growth  and  change 

to  pupa1,  emerging  as  full-grown  beetles  during  the  latter  part  of  May  and  June. 
The  newly  emerged  beetles  feed  for  from  2  weeks  to  1  month  on  the  leaves,  and  then 
seek  shelter  in  the  trash  aboul  the  base  of  the  trees  and  remain  there  until  tin;  follow- 
ing -pring.     There  is  but  one  generation  each  year. 

Control  Measures. — Thorough  cultivation  of  the  orchards  which  turns  under  the 
trash  in  which  the  beetles  hibernate,  is  probably  the  most  effective  means  of  con- 
trolling this  insect.  Burning  off  the  trash  and  leaves  under  the  trees  by  means  of  a 
blow  torch  is  also  quite  effective  in  destroying  the  overwintering  beetles.  Spraying 
with  arsenate  of  lead  and  lime  at  the  rate  of  2  pounds  of  lead  and  4  pounds  of  lime  to 
50  gallons  of  water,  when  the  summer  generation  of  beetles  is  feeding  on  the  leaves, 
is  also  an  effective  control.  Care  should  be  taken  to  apply  the  spray  to  the  undersides 
of  the  leaves.  This  spray  is  to  be  given  only  when  the  recommended  spray  schedule 
for  the  control  of  other  apple  insects  (see  p.  586)  is  not  effective  in  controlling  this 
insect.  Spraying  beneath  the  tree  in  late  fall  with  a  15  per  cent  kerosene  emulsion 
applied  in  sufficient  amounts  thoroughly  to  wet  down  the  surface  of  the  ground  is 
another  effective  measure  of  control. 

Reference— III.  State  Nat.  Hist.  Survey  Bull,  Vol.  15,  Art.  1,  1924. 

Apple  Leaf  Skeletonizer1 

Importance  and  Type  of  Injury. — This  insect  is  not  troublesome  every  year,  but 
fluctuates  greatly  in  numbers.     It  has  been  most  injurious  in  the  states  of  the  upper 


Fig.  'M)2. — Apple  loaf  skeletonizer,  larva,  about  five  times  natural  size.      (From  III.  State 

Nat.  Hist.  Sur.) 

Mississippi  Valley.  The  leaves  at  the  ends  of  branches,  and  particularly  in  the  top  of 
the  tree,  are  loosely  folded  and  covered  with  a  very  light  web  or  in  some  cases  two  or 
three  leaves  are  webbed  together.  The  leaves  have  the  green  fleshy  part  of  the  upper 
side  eaten  off  entirely  or  in  part,  giving  them  a  brownish,  deadened  appearance.  In 
Bevere  infestations,  the  foliage  of  the  tree  has  the  appearance  of  injury  by  severe 
drought  or  fire.  Injury  first  becomes  apparent  in  July,  and  usually  is  most  severe 
during  the  first  part  of  September. 

7  rees  Attacked. — Apple,  and  sometimes  plum  and  quince. 

Distribution. —  Mos1  abundant  in  the  central  part  of  the  United  States. 

Lift  History,  Appearance,  and  Habits. — The  insect  passes  the  winter  in  the  form 
of  a  brown  pupa,  about  • ;!  inch  long,  usually  in  fallen  leaves  on  the  ground  about  the 
orchard.      In  late  spring,  it  changes  into  a  dark  brown  moth,  about    \ :;  inch  long,  with 

lp8oro  ina  hammondi  (Riley),  Order  Lepidoptera,  Family  PyralidicUe. 
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wings  mottled  with  silver  hands  (Fig.  363).     These  moths  deposit  their  eggs  on  lh<' 

leaves,    and    the    iirst-genera  t  ion    caterpillars    appear    during    .liine    or    July.      Tl 

caterpillars  (Fig.  362)  are  brownish  green,  about  '  •_>  i"(,h  Long,  with  four  shining  black 
tubercles  on  the  back  just  behind  the  head.  They  feed  for  about  3  weeks,  and  on 
becoming  full-grown  pupate  in  their  webs  on  the  leave-,  emerging  again  as  moths  in 

August  and  depositing  their  eggs  for  the  second  generation  of  caterpillars,  which 
appear  during  the  latter  part  of  that  month  and  September.  These  caterpillars 
become  full-grown  by  the  approach  of  cold  weather,  and  pupate  in  tin-  leaves,  which 
later  fall  to  the  ground. 


Fig.  303.- — Apple  leaf  skeletonizer,  Psorosina  harnmondi  (Riley);  adult  with  wings  spread. 
About  five  times  natural  size.      (From  III.  State  Xat.  Hist.  Sur.) 

Control  Measures. — The  ordinary  spray  schedule,  where  second-  and  third-genera- 
tion codling  moth  sprays  are  regularly  applied,  will  usually  control  this  insect.  Occa- 
sionally in  orchards  that  have  been  neglected  for  a  year  or  two,  or  in  young  orchards 
that  have  not  come  into  bearing,  it  will  be  necessary  to  give  a  spray  for  this  insect 
alone.  Such  a  spray  should  be  applied  when  the  first  appearance  of  injury  occurs, 
in  July,  using  arsenate  of  lead  at  the  rate  of  2  pounds  to  each  50  gallons  of  water,  being 
careful  to  coat  the  upper  surface  of  the  leaves  and  drive  the  spray  into  the  webs. 

References. — U.  S.   Dept    Agr.  Farmers'   Bull.    1270,    1922;  Fifteenth  Rept.  State 
Eniomol  III.  pp.  58-64,  1889. 

Leaf  Crumpler1 

Importance  and  Type  of  Injury. — The  tough,  curled  cocoons,  from  %  to  \x/i  inches 
long,  are  surrounded  by  dead  crumpled  leaves  and  are  tightly  fastened  to  the  twigs 
of  the  apple  (Fig.  364).  The  buds  are  eaten  off  when  they  are  just  beginning  to 
unfold.     The  fruit  is  sometimes  scored  and  pitted  by  the  feeding  of  the  worms. 

Trees  Attacked. — Apple,  plum,  crab  apple,  quince,  cherry,  wild  cherry,  wild  plum, 
and  pear. 

Distribution. — This  insect,  like  the  preceding  one,  is  abundant  in  the  upper  Missis- 
sippi Valley  and  other  northern  states. 

Life  History,  Appearance,  and  Habits. — The  winter  is  always  passed  as  a  dark- 
brown,  somewhat  hairy  caterpillar,  about  }i  to  Yz  inch  long,  enclosed  in  the  tough 
curled  grayish  cases  above  mentioned.  In  the  spring  of  the  year,  about  the  time  that 
the  apple  buds  open,  these  worms  become  active,  loosen  their  cases  from  the  points 
where  they  have  been  attached  to  the  tree  during  the  winter  and,  carrying  the  cases 
with  them,  begin  feeding  on  the  newly  opening  buds,  later  fastening  several  leaves 
together  with  silken  threads.  The  latter  part  of  May  and  during  June,  they  change  to 
the  pupal  stage,  and  later  emerge  as  moths  having  a  wing  expanse  of  about  %  inch. 
The  wings  are  brownish  in  color,  with  white  mottlings.  The  moths  deposit  their  eggs 
on  the  new  apple  leaves,  the  young  caterpillars  of  the  next  generation  appearing  in 
about  2  to  3  weeks.     These  begin  feeding  at  once  on  the  shoots  and  leaves,  and  con- 

1  Mineola  indigenella  Zeller,  Order  Lepidoptera,  Family  Pyralididae. 
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shud  the  silken,  curved,  coiiiucopiii-slinpcd  cases  in  which  they  feed  for  the  remainder 
of  the  summer,     [n  the  early  fall  they  attach  these  cases  securely  to  the  twigs  and  there 

pass  t  he  winter.      This  insect  is  never  destructively  ;d»und;int  in  well -sprayed  orchard   , 

Control  Measures.     Iii  orchards  where  this  insect   is  causing  injury,  particular 

attention  should  be  given  to  applying  arsenate  of  lead  in  the  cluster  hud,  calyx,  and 


Fig.  304. — Winter  nest  of  leaf  crumpler  enclosing  larva;  on  apple  twigs;  slightly  enlarged. 

(From  III.  State  Nat.  Hist.  Sur.) 


8-weeks'  applications.     No  special  sprays  are  required  other  than  those  regularly 
given  for  the  control  of  codling  moth,  curculio,  and  other  leaf-feeding  insects. 

References. —  U.  S.  Dept.  Agr.  Farmers'  Bull.  1270,  1922;  Fourth  Rept.  State  Entomol. 
Ill,  pp.  65-74,  1889. 

Apple-leaf  Miners 

There  are  several  species  of  these  insects  which  mine  in  the  leaves  of  apple.  These 
miners  are  the  young  of  various  kinds  of  insects,  some  being  beetles  and  some  moths 
in  their  adult  stages.  They  are  not  often  of  sufficient  importance  to  warrant  any 
special  measures  of  control,  with  the  exception  of  the  apple  flea  weevil,  which  has 
been  discussed. 

Pistol-case  Bearer1 

Importance  and  Type  of  Injury. — Tiny,  brownish-gray,  tough,  silken  cases  about 
1  i  inch  long,  curled  or  bent  over  at  the  top,  so  that  they  roughly  resemble  a  pistol  in 
outline  are  attached  to  the  leave.-,  twigs,  fruits,  and  branches,  and  Btand  at  right  angles 

1  Coleophora  malivorella  Riley,  Order  Lepidoptera,  Family  ColeophoricUe. 
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to  them  (Fig.  365,  b).     Small  brown  worms,  enclosed  in  thi  t,  feed  on  the  lea 

and  fruit  and  cat  numerous  small  holes  over  tin    -urine. 
Trees  Attached.— Apple,  quince,  plum,  cherry  and  haw. 

Distribution. — General  in  apple  growing  sections,  especially  in  the  north. 

Life  History,  Appearance,  uml  Habits. — The  winter  is  passed  in  the  larval  or  worm 
Stage  inside  the  little  pistol-shaped  cases,  the  cases  being  firmly  attached  to  the  hark 
of  twigs  or  branches.  The  partly  grown  larva-  within  these  cases  are  light  brown  with 
dark-brown  heads.      The  insects  begin  feeding  about  the  time  the  buds  unfold  in  t  Ik- 


Fig.  365. — 'Case  Bearers:  a,  cigar-case  bearers  and  their  work  on  apple  leaves;  b,  pistol- 
case  bearer  and  its  work  on  young  fruits.  Natural  size.  (From  Lochhead,  "Economic 
Entomology,''  P.  Blakiston's  Sons  tfc  Co.,  after  Caesar.) 


spring,  and  reach  the  full-grown  stage  about  June  1.  They  then  change  to  the  pupal 
stage,  and  a  little  later  to  small,  mottled,  gray  moths  which  deposit  their  eggs  on  the 
underside  of  the  leaves.  The  larvae  of  the  next  generation  appear  during  the  late 
summer.  These  worms  feed  on  the  leaves  until  fall,  when  they  migrate  to  the  twigs 
and  branches,  where  they  pass  the  winter.  This  little  insect  is  usually  not  abundant 
enough  to  cause  commercial  loss. 

Control  Measures. — The  ordinary  spray  schedule  applied  to  bearing  trees  will 
control  these  insects.  Where  this  schedule  is  not  followed,  and  the  case  bearers  are 
abundant,  a  spray  given  in  the  cluster-bud  stage,  using  arsenate  of  lead  at  1  pound  to 
50  gallons  of  water,-  will  kill  most  of  them. 

References.— N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  124,  1897;  U.  S.  Dept.  Agr. 
Farmers1  Bull.  1270,  1922. 
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(  !lQ  ut-c  \si;    BbARER* 

This  insect   (Fig.  365,  a)  closely  resembles  the  pistol-case  bearer  in  its  life  history 

:iik1  habits.  The  «,as(>  in  which  it  lives  is  Btraight,  and  a  new  case  is  constructed  in  t  he 
Bpring  when  t  he  overwintering  larva  start  to  feed.  The  young  larvs  on  batching  feed 
for  a  time  in  the  leaves  as  miners.  The  control  measures  are  the  s;ime  as  for  the 
pistol-case  hearer. 

Reference.— N.  V.  (Cornell)  Agr.  Exp.  Sta.  Hull.  93,  1805. 


Bud  Moths2 

There  arc  several  species  of  bud  moths  which  cause  injury  to  the  apple. 
They  vary  somewhat  in  their  life  history,  but  the  means  of  control  are 
the  same  for  all  species. 


Fig.    306. — Spring   foliage   injury   by   bud    moth   on    apple.     Reduced    one-half. 

U.  S.  D.  A.  Farmers'  Bull.  1273.) 


(From 


Importance  and  Type  of  Injury. — The  larvae  of  these  insects  eat  out  the 
newly  opening  buds  (Fig.  366).  The  worms  form  small  silken  cases  on 
the  leaves  or  twigs,  webbing  together  bits  of  the  foliage.  Small  pits 
are  eaten  in  the  fruit,  usually  where  a  leaf  lies  in  contact  with  it. 

Trees  Attacked. — Apple,  pear,  cherry,  wild  plum,  haw,  and  possibly 
Others. 

Distribution. — Most  important  in  the  northern  apple  growing  sections. 

Lif(  History \  Appearance,  and  Habits. — The  bud  moths  or  bud  worms 

pass  the  winter  as  small  brown  worms  with  black  heads,  about  }■$  inch 

long,  in  small  silken  eases  attached  to  the  axil  of  a  twig  or  bud.     These 

cases  are  inconspicuous  and  not  easy  to  find.     In  the  spring  when  the 

1  Coleophora fletchereUa  Fernald,  Order  Lepidoptera,  Family  Coleophoridse. 
-'  Spilonota  oceUana    Denis  and   Schiffermiiller,  and  others.   Order  Lepidoptera. 
Family  Olethreut  idae. 
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leaves  begin  to  open,  the  little  dark-brown  caterpillars  emerge  from  their 
hibernating  oases  and  attack  the  buds  and  leaves.  They  eat  out  the 
buds,  or  cut  off  the  stem  of  a  leaf  and,  folding  the  edges  together,  attach 

it  by  silken  threads  to  other  leaves  on  the  tip  of  the  twig.  They  live 
in  these  cases  for  from  5  to  7  weeks,  feeding  at  night.  In  early  summer, 
the  worms,  which  are  then  about  J£  inch  long,  change  within  their 
silken  homes  into  a  brown  pupal  stage,  and  later  emerge  as  grayish  or 
brownish  moths.  The  moths  deposit  eggs  for  the  next  generation,  which 
appears  from  mid- June  to  mid-July.  These  little  worms  feed  in  much 
the  same  manner  as  those  of  the  spring  generation,  although  one  of  the 
species,  the  lesser  bud  moth,1  mines  the  leaves  to  some  extent. 

Control  Mcd.su res. — Where  abundant,  a  strong  arsenate  of  lead  spray 
(2  pounds  to  50  gallons  of  water)  should  be  applied  just  as  the  buds  are 
opening,  and  again  in  the  cluster-bud  and  calyx  sprays. 

Reference.— U.  S.  Dept.  Agr.  Depl  Bull.  1273,  1024. 


Fall  Webworm2 

Importance    and    Type    of  Injury. — The    presence    of    this    insect    is 
indicated  by  loosely-woven,  dirty  white  webs  (Fig.  367)  enclosing  the 


Fig.  367. — Nest  or  web  of  the  fall  webworm  showing  worms  inside  the  web. 

{From  U.  S.  D.  A.  Farmers'  Bull.  1270.) 


Much  reduced. 


foliage  on  the  ends  of  the  branches.  Several  branches  are  sometimes 
covered  by  one  of  these  webs.  The  webs  enclose  many  pale-yellow, 
black-spotted,  very  hairy  caterpillars  which  feed  upon  the  surface  of  the 
leaves.  These  webs  contain  a  quantity  of  black  pellets  of  excrement 
from  the  worms,  making  them  very  unsightly. 

Trees  Attacked. — The  fall  webworm  has  been  found  feeding  on  more 
than  100  fruit,  shade,  and  woodland  trees.     It  does  not  attack  evergreens. 

Distribution. — General  over  the  United  States  and  southern  Canada. 

1  Recurvaria  nanclla  (Hubner),  Order  Lepidoptera,  Family  Olethreutidae. 

2  Hyphantria  cunea  Drury,  Order  Lepidoptera,  Family  Arctiidae. 
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Life  ll/sfon/,  Appearance,  and  Habits.     This  insect  passes  the  winter 

in  the  form  of  m  brown  pupa,  enclosed  in  a  lightly  woven,  silken  cocoon. 

These  cocoons  will  be  found  under  trash  on  the  ground  or  sometimes 
under  the  bark  of  trees.     The  mollis  begin  emerging  during  the  spring 

and  continue  to  come  out  over  a  long  period.  They  lay  their  eggs  on 
the  Leaves,  In  masses,  partly  covered  with  white  hairs,  and  the  caterpillars 
hatching  from  these  eggs  construct  webs  over  the  leaves  inside  of  which 
they  feed.  They  continue  feeding  for  about  1  month  to  G  weeks,  and 
upon  becoming  full-grown,  crawl  down  the  tree  and  construct  the  cocoons 
in  which  they  pupate.  The  adults  emerge  late  in  the  summer  and  lay 
eggs  for  a  second  generation  of  the  worms  in  early  fall,  which,  upon 
becoming  full-grown,  spin  the  cocoons  in  which  they 
pass  the  winter  as  pupae. 

Control  Measures. — Sprays  for  the  second  and  third 
generations  of  codling  moth  will  usually  control  the 
webworm.  In  young  orchards,  the  webs  may  easily  be 
removed  by  hand  at  less  expense  than  will  be  incurred 
for  spraying. 

References. — Ann.  Rept.  Smithsonian  Inst,  for  1921,  pp.  395- 
414,    1923;    Dom.  Canada,  Dept.  Agr.  Bull.  3,  n.  s.,  1922. 

Eastern  Tent  Caterpillar1 

Importance  and  Type  of  Injury. — This  insect  some- 
times completely  defoliates  unsprayed  orchards. 
Large  thick  webs,  containing  many  hairy,  brown  cat- 
erpillars, are  constructed  in  the  forks  and  crotches  of 
trees  (Fig.  369).  The  leaves  may  be  stripped  from 
all  the  branches  within  a  yard  or  more  of  these  nests. 
These  caterpillars  do  not  feed  within  their  webs,  but 
congregate  there  during  the  night  and  in  rainy  weather. 

Trees  Attacked. — Wild  cherry,  apple,  peach,  plum,  and  more  rarely 
witch  hazel,  beech,  birch,  barberry,  oak,  willow,  and  poplar. 

Distribution. — This  and  closely  related  forms  cover  the  United 
States. 

Life  History,  Appearance,  and  Habits. — This  insect  passes  the  winter 
in  the  form  of  a  dark-brown  collar-like  mass  of  eggs  securely  attached 
to,  and  often  encircling,  small  twigs.  These  egg  masses  (Fig.  3G8)  are 
about  Y±  inch  long  by  x/2  inch  in  diameter.  They  have  a  shiny,  varnished 
appearance.  The  eggs  hatch  early  in  the  spring  as  soon  as  the  apple 
leaves  begin  to  unfold  or  a  little  earlier.  The  caterpillars  (Fig.  370) 
gather  in  a  near  fork  of  the  limbs,  a  colony  often  being  made  up  of  all 
the  caterpillars  hatching  from  several  egg  masses.     Here  they  construct 


Fig.  368.— Eastern 
tent  caterpillar,  egg 
masses  on  twig. 
About  natural  size. 
(From  U.  S.  D.  A. 
Farmer*'  Bull.  1270.) 


1  Malacosoma  amcricana  Fahricius,  Order  Lepidoptcra,  Family  Lasioeampidip. 
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their  webe  and  sally  forth  to  attack  the  newly  opening  leaves.     They 

BDin  a  fine  thread  of  silk  wherever  they  crawl,  and  in  the  course  of  a  tVw 
days  well-defined  silken  pathways  Lead  from  the  nest  to  the  favored 
feeding  spots  on  the  tree.  As  the  caterpillars  grow,  their  nest  webfl  are 
enlarged.  They  become  full-grown  in  about  a  month,  scatter  to  some 
distance  from  the  nest,  and  spin  cocoons,  usually  on  the  tree  trunk  or 
some  near-by  object,  in  which  they  change  to  brown  pupae  and  later 

emerge  as  light-brown  moths.  The  females 
deposit  their  eggs  on  the  twigs  for  the  next 
season's  caterpillars,  there  being  but  one  gen- 
eration each  year. 


Fig.  369. — Eastern  tent  cater- 
pillar. Larva;  and  nest  i  n 
crotch  of  wild  cherry  tree. 
Greatly  reduced.  (From  U.  S. 
D.  A.  Farmers'  Bull.  1270.) 


FlG.  370. — Larva  of  eastern  tent  caterpillar,  Mala- 
coaoma  americana  Fabricius;  slightly  enlarged.  (From 
U.  S.  D.  A.  Farmers    Bull.  1270.) 


Control  Measures. — Spraying  with  arsenate  of  lead,  as  ordinarily 
applied  for  the  codling  moth  will  control  these  insects.  Where  wild 
cherries  or  plums  are  very  abundant  in  the  vicinity  of  the  orchard,  it 
may  be  necessary  to  increase  the  strength  of  lead  in  the  spray  to  1^ 
pounds  to  each  50  gallons.  Wild  cherries  and  wild  plums  should  not 
be  permitted  to  grow  within  y±  mile  of  the  orchard.  Cutting  out  these 
trees  will  also  help  in  keeping  down  several  other  orchard  insects. 

Reference. — Conn.  Agr.  Exp.  Sta.  Bull.  177,  1913. 


Yellow-necked1  and  Red-humped  Caterpillars2 

Importance  and  Type  of  Injury. — Black-  and  yellow-striped  caterpillars  with 
yellow  rings  around  their  necks,  or,  in  the  case  of  the  red-humped  caterpillar,  with  a 
pronounced  red  hump  just  back  of  the  head,  with  a  row  of  spines  projecting  from  it. 
These  caterpillars  will  be  found  feeding  in  colonies  on  the  leaves  of  the  apple,  pear, 
and  some  forest  trees  during  July  and  August,  completely  defoliating  small  trees,  or 
single  branches  on  large  trees. 

1  Datana  ministra  Drury,  Order  Lepidoptera,  Family  Notodontidae. 

-Schizura  concinna  Smith  and  Abbott,  Order  Lepidoptera,  Family  Notodontidae. 
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Trees  Attacked. —  Apple,  pear,  cherry,  quince,  and  many  shade  .'md  forest  trees. 
Distribution.     General  over  the  United  Stales  and  Canada. 
Lift  History,  Appearance,  and  Habits.     The  yellow-necked  caterpillar  passes  the 
winter  in  t  he  form  of  a  brown  naked  pupa  2  or  3  inches  below  I  he  surface  of  the  ground. 

'The  red-humped  caterpillar  passes  the  winter  as  a  full-grown  larva  in  a  cocoon  on  t  he 
ground,  pupating  early  in  the  summer.  Both  emerge  as  medium-sized  brown  moths, 
which  fly  to  I  he  apple  and  related  t  rees,  where  the  females  lay  their  eggs  on  the  under- 
sides of  the  lea ves.  These  eggs  are  laid  in  masses  of  50  to  100  (Fig.  371).  The  young 
caterpillars  hatching  from  the  eggs  feed  at  first  on  a  single  leaf  with  their  heads  all 
pointing  toward  the  outer  edge  of  the  leaf.  At  first  they  skeletonize  the  leaf,  but 
within  a  few  days  they  increase  in  size  and  of  necessity  spread  over  a  number  of 
leaves,  sometimes  all  the  leaves  on  a  single  twig  or  small  branch,  and  begin  consuming 
the  entire  leaf.  During  the  course  of  their  feeding,  they  sometimes  migrate  from 
one    part   of  the   tree   to   another.     When   disturbed,   these   caterpillars   raise   both 

ends  of  their  bodies  in  the  air,  clinging  to  the  plant 
with  the  prolegs  near  the  middle  (Fig.  372) .  They 
become  full-grown  in  about  3  weeks,  at  which  time 
the  yellow-necked  caterpillars  enter  the  ground 
and  change  to  the  pupal  stage,  and  the  red-humped 
caterpillars  spin  their  cocoons  on  the  ground. 


Fig.  371. — Egg  mass  of  yellow- 
necked  caterpillar,  slightly  en- 
larged. (From  U.  S.  D.  A. 
Farmers1  Bull.  1270.) 


Fig.  372. — Cluster  of  larvae  of  yellow-necked 
caterpillar,  Datana  ministra  Drury ;  showing  posi- 
tion assumed  when  alarmed.  About  natural  size. 
(From  U.  S.  D.  A.  Farmers'  Bull.  1270.) 


Control  Measures. — In  young  orchards  where  the  trees  are  3  years  old  or  under,  a 

careful  inspection  of  the  trees  during  late  July  or  early  August  will  show  where  these 

insects  are  starting  to  feed,  and  they  may  be  easily  removed  by  hand  and  killed.     A 

spray  of  arsenate  of  lead  1  pound  to  50  gallons  of  water  will  effectively  control  them 

:  if  they  are  abundant  enough  to  warrant  the  expense  of  such  an  application. 

Reference.— N.  H.  Agr.  Exp.  Sta.  Bull.  139,  1908. 


Grasshoppers1 


Grasshoppers  are  not  generally  considered  as  orchard  pests,  but  occasionally  during 
years  of  abundance  when  they  have  eaten  most  of  the  green  growth  in  fields,  or  during 
periods  of  drought,  they  will  migrate  to  orchards  and  sometimes  completely  strip  the 
foliage  from  trees  during  July  and  August.  Sometimes  the  bark  is  scarred  and 
roughened  by  the  feeding  of  these  insects.  Outbreaks  of  grasshoppers  in  the  vicinity 
of  orchard-  should  be  controlled  before  the  insects  migrate  to  the  trees.      This  may 

1  Various  species  of  Order  Orthoptera,  Family  Locustids. 
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best  be  done  by  the  use  of  the  poison-bran  bail   (see  p.  831).     If  the  grasshopper! 
have  already  invaded  the  orchard  the  trees  should  be  sprayed  with  arsenate  of  lead  at 

the  rate  of  2  pounds  to  50  gallons  of  spray,  adding  i  pounds  of  hydratcd  Lime  to  prevent 

burning  the  foliage. 

Reference.— Mont.  Ayr.  Exp.  St<i.  Hall.  1  IS,   1922, 

Codling  Moth1 

Importance  and  Type  of  Injury. — Apples  attacked  by  this  insect 
have  holes  eaten  into  the  side,  or  from  the  blossom  end,  to  the  core.  The 
seeds  and  core  are  tunneled  and  eaten  by  pinkish-white  brown-headed 
worms  about  Y±  inch  long;  when  full-grown.  Dark  masses  of  frass  or 
castings  often  protrude  from  the  holes  eaten  in  the  apples.  This  is  the 
most  destructive  insect  pest  of  the  fruit  of  the  apple. 

Plants  Attacked. — Apple,  pear,  quince,  wild  haw,  crab,  English 
walnut,  and  several  other  fruits. 

Distribution. — Throughout  the  apple-growing  sections  of  the  world. 
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Fig.  373. — Codling  moth  larva  and  pupa  within  cocoons  from  beneath  hark  of  apple  tree, 
about  twice  natural  size.      (From  U.  S.  D.  A.  Farmers'  Bull.  1270.) 

Life  History,  Appearance,  and  Habits. — The  codling  moth  passes  the 
winter  in  the  full-grown  larval  stage  in  a  thick  silken  cocoon  (Fig.  373). 
The  larvae  are  pinkish-white  caterpillars  with  brown  heads  and  are 
about  Y±  inch  long.  These  cocoons  are  generally  spun  under  loose 
scales  of  the  bark  on  the  trunks  of  apple  trees,  under  other  shelters  about 
the  base  of  the  trees,  or  on  the  ground  near-by.  Many  of  the  larvae 
winter  in  or  around  packing  sheds.  They  remain  dormant,  and  are 
able  to  withstand  low  temperatures.  A  drop  in  temperature  to  —25°  F. 
or  below,  however,  will  kill  many  of  the  larvae.  During  the  winter,  birds, 
especially  woodpeckers,  find  and  eat  large  numbers  of  the  larvae.  In 
midspring  the  worms  change  inside  their  cocoons  to  a  brownish  pupal 
stage  (Fig.  373)  and,  after  a  period  of  from  2  to  4  weeks  or  more,  they 
emerge  from  the  cocoons  as  grayish  moths  with  somewhat  irridescent, 
chocolate-brown  patches  on  the  back  part  or  tip  of  the  front  wings.  The 
moths  (Fig.  375)  have  a  wing  expanse  of  from  ]2  to  J£  inch.     During 

1  Carpocapsa  pomonella  Linne,  Order  Lepidoptera,  Family  Olethreutidse. 
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the  day  the  mollis  remain  quiet,  usually  resting  on  the  branches  or  trunk 
of  the  tree.  The  coloring  of  the  wings  is  such  thai  it  blends  with  thai 
of  the  hark,  making  the  insect  very  inconspicuous.  About  dusk  of  the 
evening,  if  the  temperature  is  above;  00°  ¥.,  they  become  active,  mate, 
and  the  females  lay  their  eggs.  If  tin*  temperature  is  low,  they  remain 
quiet  and  few  eggs  will  be  deposited.  Each  female  usually  deposits  more 
than  50  eggs  during  her  lifetime.  The  eggs  are  white,  flattened,  pancake- 
shaped,  and  about    '_;,-,  inch  in  diameter  (Fig.  374).     The  eggs  of  the 


Fig.  374. — Eggs  of  codling  moth  on  section  of  apple  leaf;  about  five  times  natural  size. 

(From  III.  State  Nat.  Hist.  Sur.) 


first  generation  are  laid,  one  in  a  place,  almost  entirely  on  the  upper  side 
of  the  leaves,  usually  a  short  distance  from  a  cluster  of  apples.  Most 
of  the  eggs  are  laid  2  to  6  weeks  after  the  apples  have  bloomed,  and 
hatch  in  from  6  to  20  days,  depending  on  the  temperature  and  to  some 
extent  on  the  rainfall.  The  worms  feed  slightly  on  the  leaves,  but  in  a 
few  hours  crawl  to  the  young  apples  and  chew  their  way  into  the  fruit, 
usually  entering  by  way  of  the  calyx  cup  at  the  blossom  end.  After 
entering  the  fruit  they  work  their  way  into  the  core,  often  feeding  on 
the  seeds  (Fig.  376).  Some  of  the  infested  fruits  drop  from  the  tree 
and  the  larva'  complete  their  growth  on  the  ground.      Upon  becoming 
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Fig.  375. — Adults  of  the  codling  moth,  Carpocapsa  pomonclla  Linne;  about  five  times  natural 

size.     (From  III.  State  Nat.  Hist.  Sur.) 
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full-grown,  they  buiTOW  t<>  the  outside  of  the  apple  and  either  crawl 
to,  or  down,  the  trunk  of  the  tree;  or  drop  to  the  ground  and  crawl  back 
to  the  trunk  or  to  some  other  object.  Under  loose  hits  of  hark  or  other 
shelter  they  spin  their  cocoons,  and  change  as  before  to  the  pupa,  and 
Later  to  t  he  adult ,  stage. 

In  the  latitude  of  southern  Illinois,  there  is  nearly  a  full  first,  nearly 
a  full  second,  and  a  partial  third  generation  of  this  insect  each  season. 
In  the  latitude  of  northern  Illinois,  there  is  nearly  a  full  first  generation, 
a  partial  second,  but  no  third  generation.  The  emergence  of  the  moths 
of  the  second  generation  extends  over  about  6  weeks,  and  eggs  of  this 
generation  may  be  deposited  in  the  northern  part  of  the  United  States 
as  late  as  mid-August,  or  even  the  first  of  September.     In  the  South, 


Fig.  376. — Apple  injured  by  codling  moth,   showing  larva  in  fruit.     Slightly  enlarged. 

(From  U.  S.  D.  A.  Farmers'  Bull.  12-70.) 

eggs  may  be  laid  as  late  as  October.  The  hibernating  larvae  consist  of 
individuals  from  all  generations. 

Control  Measures. — While  the  codling  moth,  if  left  to  itself,  may 
infest  from  20  to  95  per  cent  of  the  apples  in  an  orchard,  it  is  generally 
possible  to  reduce  the  numbers  of  this  insect  so  that  less  than  5  per  cent 
of  the  apples  will  be  injured. 

Spraying  with  arsenate  of  lead  at  the  rate  of  from  1  to  2  pounds  of 
powder  to  50  gallons  of  spray  material  is  the  standard  remedy  for  the 
codling  moth.  It  is  highly  important,  however,  that  the  sprays  for  this 
insect  be  applied  at  the  proper  time.  The  first  and  most  important 
spray  for  codling-moth  control  is  that  known  as  the  petal  fall  or  calyx 
spray.  This  is  applied  when  about  three-fourths  of  the  petals  have 
fallen  from  the  apple  blossoms.  The  spray  should  not  be  applied  when 
the  trees  are  in  full  bloom,  because  of  the  danger  of  poisoning  honeybees. 
Special  care  should  be  used  to  hit  the  open  calyx  end  of  the  apples  and 
fill  the  calyx  cup  with  the  spray.     Careful  spraying  that  fills  the  calyx 
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cup  at  this  time  will  poison  ;m\  young  codling-moth  caterpillars  that 
try  to  enter  the  apples  al   the  blossom  <  in  1  for  the  remainder  of  the 

season.  If  Bpraying  is  delayed  for  more  than  a  week  after  the  petals 
fall,  the  Calyx  OUp  will  have  closed,  and  it  will  be  impossible  to  force  tin- 
spray  into  it. 

In  the  north-central  states  another  application  of  spray  should  be 
made  from  1  week  to  10  days  after  the  fall  of  the  petals,  and  a  third 
3  weeks  after  the  petals  fall.  These  sprays  are  all  for  the  first  generation 
of  codling  moth.  The  second-generation  larva?  usually  begin  to  hatch 
about  9  weeks  after  the  fall  of  the  petals.  However,  this  period  is 
subject  to  considerable  variation,  sometimes  as  much  as  3  weeks  in 
different  seasons.  Owing  to  this  fact,  the  time  of  the  appearance  of  the 
second  and  third  generations  should  be  obtained  in  advance  from  the 
entomologist  of  the  nearest  state  experiment  station.  If  the  notice  of 
the  time  of  appearance  of  the  second-generation  of  codling  moth  cannot 
be  obtained  in  this  way,  the  spray  for  the  second  generation  should  be 
applied  9  weeks  after  the  fall  of  the  petals,  and,  in  years  when  the  codling 
moth  is  abundant,  another  spray  should  be  given  2  weeks  later.  In  the 
South,  a  spray  for  the  third  generation  should  be  applied  about  August  15 
and,  during  hot,  dry  years,  another  spray  should  be  given  to  winter 
varieties  of  apples  about  September  1  (see  Spray  Schedule,  p.  586). 
When  fruit  is  sprayed  shortly  before  picking,  the  spray  residue  should  be 
removed  before  marketing. 

It  has  been  found  that  the  development  of  the  codling  moth  is  largely 
dependent  on  the  temperature.  Development  is  nearly  at  a  standstill 
at  temperatures  below  50°  F.,  and  is  retarded  above  86°  F.  Tempera- 
tures above  50°  F.  and  below  80°  F.  have  been  called  effective  temperatures. 
It  has  been  found  that  approximately  550  day-degrees  of  effective 
temperature  are  required  to  bring  about  the  hatching  of  the  earliest 
larvae  of  the  first  generation,  and  1,000  day-degrees  additional  for  hatching 
of  the  first  larva)  of  the  second  generation  and  so  on  for  each  additional 
generation.  A  spray  should  always  be  applied  just  before  the  time  of 
the  hatching  of  the  first  larvae  of  any  generation.  For  a  fuller  discussion 
of  this  method  of  forecasting  the  time  of  appearance  of  any  generation 
of  the  codling  moth,  see  the  first  reference  on  page  573. 

Aside  from  spraying,  there  are  several  other  measures  which  help  in 
keeping  down  the  codling  moth.  These  consist  of  a  thorough  clean-up  of 
the  orchard,  scraping  the  loose  bark  from  old  trees  and  removing  rubbish 
from  the  ground.  In  cases  of  exceptional  abundance,  the  trees  should  be 
banded  during  the  summer.  To  get  the  best  results  from  banding,  place 
a  strip  of  tar  paper,  4  or  5  inches  wide,  tightly  around  the  tree  at  a  height 
of  about  2  feet  from  the  ground.  Allow  the  ends  to  overlap  slightly, 
fastening  them  with  a  large  tack.  These  bands  should  be  examined  at 
least  once  every  10  days  and  the  codling-moth  larvae  under  them  killed. 
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The  hands  should  be  in  place  not  later  than  .">  weeks  after  petal  fall  \  June 
1  in  the  latitude  of  southern  Illinois,  and  June  L5  in  t  he  hit  it  ude  of  north- 
ern Illinois.  Experimental  work  has  shown  that  the  tar  building-paper 
hands  are  more  attractive  to  the  codling  moth  larva}  than  hands  of  burlap 
or  cloth.  Recent  experiments  have  shown  that  it  is  possible  to  treat 
bands  with  certain  chemicals  so  that  they  will  kill  most  of  the  larvae  that 
seek  shelter  under  them.  Removing  cull  apples  from  the  orchard,  and  a 
thorough  clean-up  of  refuse  and  rubbish  around  the  packing  shed  also  will 
help  in  keeping  down  the  numbers  of  this  insect.  The  codling  moth  is 
preyed  upon  by  many  insect  enemies, 
but  these  are  never  sufficient  to  reduce 
its  numbers  so  that  artificial  control 
measures  may  be  omitted. 

References. — III.  Nat.  Hist.  Survey,  Bull.,  Vol. 
14,  Art.  VII,  1922;  New  Mex.  Agr.  Exp.  Sta. 
Tech.  Bull.  127,  1921;  11.  S.  Dep'.  Agr.  Dept. 
Bull.  932,  1921 ;  publications  of  nearly  all  experi- 
ment stations. 

Lesser  Apple  Worm1 

I m  portance  and  Type  of  Injury. — The  lesser 
apple  worm  is  much  like  the  codling  moth  in  its 
habits  and  manner  of  feeding  on  the  apple. 
The  larva  often  works  for  a  time  just  under  the 
skin  of  the  apple,  jnaking  a  broader  and  more 
shallow  mine  than  docs  the  codling  moth  (Fig. 

377).  In  common  with  the  codling  moth,  many  of  these  larva?  enter  the  apple  at  the 
calyx  end,  sometimes  burrowing  out  a  cavity  clear  around  the  calyx.  These  mines  are 
smaller  than  those  of  the  codling  moth,  and  frequently  do  not  extend  clear  into  the 
core.  The  injury,  while  sufficient  to  prevent  an  apple  from  grading  as  first-quality 
fruit,  is  not  usually  as  severe  as  that  caused  by  the  codling  moth. 

Trees  Attacked. — Apple,  pear,  peach,  plum,  quince,  haw,  crab,  black  knot  of  plum, 
and  galls  on  elm  and  oak. 

Distribution. — Central  United  States,  New  England,  and  southeastern  Canada, 
and  British  Columbia. 

Life  History,  Appearance,  and  Habits. — This  insect  passes  through  the  winter  in 
the  larval  stage  in  a  cocoon  on  the  trunk  of  the  tree,  or  in  any  other  shelter  where  it 
may  find  protection.  The  cocoon  is  about  half  the  size  of  that  of  the  codling  moth, 
and  is  not  as  thick  and  strong.  The  adult  moths  are  abroad  in  the  orchard  from  2  to  1 
weeks  after  the  petals  fall.  The  moth,  which  is  about  )4  inch  long,  has  brown  wings 
shading  from  dark  to  light  from  tip  to  base.  The  eggs  are  smaller  than  those  of  the 
codling  moth,  but  very  similar  in  appearance.  They  are  laid  on  the  leaves  or  fruit 
and  the  worms  hatching  from  them  feed  in  the  apple  for  about  '.I  weeks.  The  larva 
closely  resembles  the  codling  worm  but  is  nol  over  one-half  its  size,  being  about 
'.;  inch  long.  Upon  becoming  full-grown,  they  sometimes  spin  their  COCOOns  within 
the  apple  and  there  change  to  the  pupa  and  later  to  the  moth  Btage.  In  most  ca»  S, 
however,  they  leave  the  apple,  spinning  the  cocoon  on  the  trunk  or  larger  branches 


Fig.  377. — Work  of  lesser  apple 
worm  in  calyx  end  of  apple.  (From 
U.  S.  D.  A.  Farmers'  Bull.  1270.) 


1  Lasjx  i/r< sia  prunivora  Walsh,  Order  Lepidoptera,  Family  Olethreutidae. 
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of  the  tree  or  other  protected  places.    There  are  two  or  throe  generations  of  this 
insect  a  year,  the  larger  number  occurring  in  the  South. 

Control  Measures. — The  lesser  apple  worm  is  so  much  like  the  codling  moth  m  itfl 
habits,  that  the  control  measures  are  practically  the  same  It  is  considered  somewhat 
harder  to  poison,  especially  the  second  and  third  generations,  which  do  very  little 
feeding  outside  the  apple;  but,  in  general,  where  careful,  thorough  spraying  is  done  for 
the  codling  moth  the  lesser  apple  worm  will  be  controlled. 

References— U.  8.  Dept.  Agr.  Farmers7  Bull.  1270,  1922;  N.  Y.  (Cornell)  Agr.  Exp. 
Sta.  Bull.  410,  1922. 

Green  Fruit  Worms1 


Importance  and  Type  of  Injury. — It  frequently  happens  that  an  orchardist  will  find 
large  holes  eaten  in  the  young  apples,  from  three  to  four  weeks  after  the  petals  fall. 

This  injury  is  often  caused  by  the  larvae  of 
several  species  of  moths  which  are  known 
as  green  fruit  worms. 

When  the  apples  are  about  the  size  of 
marbles,  one  may  find  the  entire  side  or  end 
of  the  fruit  eaten  out  (Fig.  378).  A  close 
examination  will  often  show  that  the 
majority  of  the  young  apples  on  a  single 
branch  or  twig  have  been  injured  in  this 
way.  Usually  one  will  be  able  to  find  a 
greenish  or  greenish-white  worm  from  Y±  to 
1  x/±  inches  long  somewhere  upon  the  twig  or 
branch,  possibly  feeding  actively  on  the 
side  of  the  apple.  The  injury  is  sometimes 
severe  enough  entirely  to  destroy  the  apple, 
but  more  often  the  fruit  will  continue  to 
grow  but  will  be  worthless.  These  worms 
are  seldom  very  abundant  in  an  orchard. 

Plants  Attacked. — Nearly  all  the 
deciduous  forest  trees,  all  common  tree 
fruits  and  some  field  crops. 

Distribution. — General  over  the  eastern 
United  States  and  Canada. 
Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  two  stages,  but  most 
commonly  as  a  grayish  moth  with  a  wing  expanse  of  a  little  over  1  inch.  These  moths 
hibernate  in  woodlands  or  sheltered  places  about  orchards.  A  small  percentage  of  the 
insects  pass  the  winter  in  the  pupal  stage.  This  stage  will  be  found  in  a  closely  woven, 
silken  cocoon  2  or  3  inches  beneath  the  surface  of  the  soil.  Those  that  have  gone 
through  the  winter  as  pupae  emerge  as  moths  early  in  the  spring.  The  moths  fly  to  the 
orchards  as  soon  as  growth  starts,  and  deposit  their  eggs,  one  in  a  place,  on  the  twigs 
and  branches  of  trees,  the  moths  dying  after  they  have  completed  egg  laying.  There 
are  at  least  three  species,  and  probably  more,  which  cause  this  injury.  All  of  these 
larvae  are  of  a  pale  grass-green  color,  some  marked  with  whitish  stripes  down  each  side 
of  the  body  and  a  narrower  stripe  down  the  middle  of  the  back.  When  full-grown, 
they  are  fat,  squatty-appearing  worms  from  1  to  1}£  inches  in  length.  The  full-grown 
stage  is  usually  reached  during  the  first  of  June;  then  the  caterpillar  descends  from  the 

lGraptolitha  bethunei  Grote  and  Robinson,   Graptolitha  laticinerea  (Grote),  Grap- 
tolitha  antennata  Walker,  and  others,  Order  Lepidoptera,  Family  Noctuidae. 


Fig.  378. — Green  fruit  worm  hollowing 
out  a  small  apple.  About  natural  size. 
From  III.  State  Nat.  Hist.  Sur.) 
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tree,  burrows  into  the  ground,  and  there  constructs  the  cocoon  in  which  it  changes  to 
the  pupal  Btage.     Aside  from  Feeding  on  apples,  the  insects  have  occasionally  become 

abundant  enough  to  cause  defoliation  <>f  woodland  trees,  and  have  been  known  to 

destroy  a  twenty  acre  field  of  corn  in   Illinois. 

Control  Measures. — Green  fruit  worms  arc  often  plentiful  and  quite  destructive  in 
orchards  receiving  the  regular  codling  moth  sprays.     This  is  due  mainly  to  the  fad 

that  these  worms  arc  so  Large  by  the  time  the  calyx  spray  is  applied  that  they  can  wit  li- 
st and  a  dose  of  poison  suflicient  to  kill  smaller  insects  such  as  the  codling  moth, 
lesser  apple  worm,  and  curculio.  The  most  effective  measure  for  controlling  green 
fruit  worms  is  by  heavy  applications  of  poison  early  in  the  season,  when  the  worms 
are  still  small.  In  orchards  where  these  insects  are  abundant,  the  trees  should  he 
thoroughly  sprayed  with  2  pounds  of  arsenate  of  lead  to  each  50  gallons  of  the  spray 
mixture,  at  the  cluster-bud  stage  of  the  apple;  that  is,  the  spray  applied  when  the  fruit 
buds  are  just  beginning  to  separate,  but  before  the  petals  have  opened.  This  is  prac- 
tically  the  only  effective  method  of  controlling  these  insects. 

References.— U.  S.   Dept.  Agr.  Farmers'  Bull.   1270,   1922;  N.   Y.   (Geneva)   Agr. 
Exp.  Sta.  Bull.  423,  1916;  Dom.  Can.  Dept.  Agr.  Entomol.  Branch,  Tech.  Bull.  17,  1919. 

Fruit-tree  Leaf  Roller1 

Importance  and  Type  of  Injury. — From  shortly  after  the  buds  open  to 
about  3  weeks  after  the  petals  fall,  small,  greenish  to  greenish-brown 


I'm;.  379. — Mature  apple  showing  injury  caused  by  fruit-tree  leaf  roller  feeding  on  the 
young  fruit.      (From  III.  State  Nat.  Hist.  Sur.) 


worms  will  be  found  feeding  on  the  leaves,  buds,  and  small  fruits  of  the 
apple.  In  most  cases,  a  light  web  is  spun  about  several  leaves,  and 
these  are  rolled  or  drawn  together,  often  enclosing  a  cluster  of  newly 
formed  apples. 

Small  apples  have  cavities  eaten  out  of  the  side  or  center,  somewhat 
like  those  made  by  the  green  fruit  worm.  The  trees  may  be  partially 
to  completely  defoliated,  with  numerous  fine,  white,  silken  webs  over  the 

1  Archips  argyrovpiia  Walker,  Order  Lepidoptera,  Family  Tortricidae. 
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bark  and  trunk.     At  picking  time  the  apples  have  deep,  russeted,  elongate 
Bears  in  the  side  (Fig.  379 

Trees  Attached. — Nearly  all  kinds  of  fruits,  many  forest  trees,  and  some 
of  the  bush  fruits. 

Distribution. — General  in  the  apple-growing  sections  of  the   United 
States  and  Canada. 

Life  History,  Appearance,  and  Habits. — The  fruit-tree  leaf  roller  pa 
the  winter  in  the  egg  stage.     These  eggs  are  laid  in  masses  of  30  to  100, 


Fig.  380. — Egg  masses  of  the  fruit-tree  leaf  roller  on  twigs  of  apple  about  five  times 
natural  size.  Egg  mass  on  the  right  shows  exit  holes  of  newly  hatched  larvav  (From  III. 
State  Nat.  Hist.  Sur.) 

and  are  closely  plastered  on  the  twigs,  branches,  and  occasionally  on  the 
trunk  of  the  tree.  They  are  covered  with  a  smooth  coating  of  dull-brown 
or  gray,  varnish-like  material,  which  protects  them  from  the  weather  and 
prevents  the  individual  eggs  from  showing  in  the  cluster  (Fig.  380) .  The 
egg  masses  blend  almost  perfectly  with  the  bark  on  which  they  are  depos- 
ited, making  it  extremely  difficult  to  see  them.  The  eggs  begin  hatching 
about  the  time  the  apple  fruit  buds  are  beginning  to  separate  in  the  spring. 
The  young  worms  crawl  to  the  leaves,  and  begin  feeding  as  above  stated. 
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They  vary  somewhal  in  color,  hut  in  general  are  pale  green  without  special 
body  markings  except  for  a  brown  head  and  brown  plate  just,  back  of  the 
head.  Upon  becoming  full-grown,  the  worms  arc  about  '•} '\  inch  in  length. 
They  pupate  within  the  folded  or  rolled  leaves,  or  crawl  to  the  trunk  or 
branches  of  the  tree  and  there  construct  a  somewhat  flimsy  cocoon. 
Prom  this  cocoon  the  moths,  which  are  about  Yi  inch  long  with  brownish 
front  wings  mottled  with  pale  gold  (Fig.  381),  emerge  during  late  June  or 
July.  Within  a  few  days  they  mate  and  lay  their  eggs  in  the  situations 
above  described.  The  insect  remains  in  the  egg  stage  until  the  following 
spring.     There  is  but  one  generation  each  year. 


Fio.  3S1. — Adult   female  of  the  fruit-tree  leaf  roller,   about  twice  natural  size. 

III.  State  Nat.  Hist.  Sur.) 


(From 


Control  Measures. — While  it  would  appear  that  the  fruit-tree  leaf 
roller  might  be  controlled  by  poison  sprays,  actual  experience  in  the 
orchard  has  shown  that  it  is  very  difficult  to  prevent  damage  by  this 
insect,  even  with  heavy  applications  of  poison.  Very  effective  control 
has  been  obtained  by  thoroughly  spraying  the  trees,  during  the  dormant 
stage,  with  a  boiled  or  cold-mixed  lubricating-oil  emulsion,  at  a  strength 
of  6  per  cent  oil.  Commercial  miscible  oils  and  oil  emulsions  of  several 
kinds  have  been  found  effective  for  this  work.  They  should  be  used  at 
the  strength  recommended  by  the  manufacturers.  In  spraying  for  the 
control  of  the  fruit-tree  leaf  roller,  very  thorough  work  must  be  done,  as 
it  is  necessary,  in  order  to  prevent  hatching,  to  hit  each  egg  mass  and  the 
egg  masses  are  often  laid  on  the  smaller  twigs  and  in  the  axils  of  the  twigs. 


References. — Colo.  State  Entomol.  Circ.  5,  1912;  Mont.  Agr.  Exp.  Sta.  Bull.  154, 
1923;  Idaho  Agr.  Exp.  Sta.  Bull.  137,  1925;  III.  State  Nat.  Hist.  Survey,  Entomol.  Series 
Circ.  9,  1926. 


Plum  Curculio1 


Importance  and  Type  of  Injury. —  This  snout  beetle,  which  is  primarily 
a  pest  of  peach,  plum,  cherry,  and  other  stone  fruits,  is  sufficiently  fond  of 
the  apple  to  make  it  second  to  the  codling  moth  in  importance  as  a  pest  of 

1  Conotraehehu  nenuphar  Herbst,  Order  Ooleoptera,  Family  Ourrulionidae. 
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this  fruit.  Injury  on  apple  is  shown  by  Bmall,  crescent-shaped  cuts  in  the 
skin  of  small  fruits,  some  of  them  with  a  little  round  hole,  opposite  the 
concave  side  of  t he  crescent,  into  winch  an  egg  is  usually  deposited  (Fig. 
383).  Later  these  injuries  develop  into  swellings  or  knots,  protruding 
from  the  surface  of  the  fruits  and  each  with  a  small  puncture  in  the  skin 
at  its  apex.  Apples  will  sometimes  show  depressions  instead  of  swellings, 
with  the  curculio  injury  at  the  center  of  the  depression.     An  examination 


Fio.  382. 


Apple's  deformed  by  the  plum  curculio. 

1270.) 


(From    U.  S.  D.   A.  Farmers'  Bull. 


of  such  apples  will  sometimes  reveal  a  grayish-white,  curved  worm  inside. 
Many  of  the  infested  fruits  drop  during  late  May  and  June.  During  late 
summer,  numerous,  round,  feeding  holes  or  punctures  are  made  through 
the  skin  of  the  apple  and  other  fruits,  and  the  flesh  is  eaten  out  beneath 
these  punctures  (Fig.  384).  The  infested  apples  are  often  hard,  knotty, 
and  misshapen  (Fig.  382). 


Fig.  383. 


-Egg  punctures  made  by  the  plum  curculio  on  apples. 

Hist.  Sur.) 


(From  111.  State  Nat. 


Trees  Attacked. — Plum,  pear,  apple,  peach,  cherry,  apricot,  prune, 
nectarine,  quince,  and  other  pome  and  stone  fruits. 

Distribution. — East  of  the  Rocky  Mountains  in  the  United  States  and 
Canada. 

Life  History,  Appearance,  and  Habits. — This  insect  passes  the  winter 
as  a  dark-brown  snout  beetle  about  }i  inch  long,  with  grayish  or  whitish 
patches  on  its  back  and  four  humps  on  the  wing  covers  (see  Fig.  385).     A 
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strong  curved  snout,  about  one-third  the  length  of  the  body,  projects 
forward  and  downward  from  the  head  of  the  insect.  These  beetles  seek 
protection  in  and  around  orchards  or  near-by  woodlands,  where  they  find 


Fig.  384. — Late  summer  feeding  punctures  of  the  plum  and  apple  curculios,  on  apple 

(From  III.  State  Nat.  Hist.  Sur.) 

shelter  during  the  winter.  They  become  active  about  the  time  the  apples 
bloom,  or  possibly  in  some  years  a  little  earlier  than  this.  They  fly  to  the 
trees,  feed  on  the  newly  forming  apples,  mate,  and  the  females  begin 


Fig.  :*So. — The  plum  curculio,  Conotrachelus  nenuphar  Herbst.  Adult  above  at  left 
in  side  view;  larva  below  at  left,  side  view;  pupa  at  right,  ventral  view;  about  four  times 
natural  size.      (From  III.  State  Nat.  Hist.  Sur.) 

laying  their  eggs.  In  this  operation,  the  female  cuts  a  crescent-shaped 
slit  in  the  skin  of  the  fruit  and  a  small  puncture  just  at  the  apex  on  the 
inside  of  the  crescent,  and  then  deposits  her  egg  in  this  puncture,  forcing 
it  under  the  skin  and  into  the  fruit  (Fig.  383).     Upon  hatching  the  young 
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grub  eats  into  the  flesh  of  the4  apple  to  the  eon-  and  seeds.     The  cureulio 

larva  is  grayish-white,  legless,  curved-bodied,  with  a  small  brown  head 
(Fig.  385).  It  is  about  \  :i  inch  long  when  full-grown.  Infested  apples 
nearly  always  fall  to  the  ground  before  the  cureulio  has  completed  its 
growth.  When  the  apple  remains  on  the  tree,  I  he  larva  does  not  develop. 
Upon  becoming  full-grown  the  insect  leaves  the  apple  and  works  its  way 
into  the  ground,  excavating  a  little  cavity,  in  which,  after  about  2  weeks, 
it  changes  to  the  pupal  stage  (Fig.  385).  About  1  month  after  the  larva 
enters  the  soil,  it  changes  to  the  adult  insect,  and  the  summer  generation 
of  beetles  begins  to  appear  in  the  orchard.  In  the  latitude  of  central 
Illinois,  most  of  the  beetles  come  out  during  July.  In  the  southern  states, 
there  is,  in  some  seasons,  a  partial  second  and  possibly  sometimes  a 
partial  third  generation.  North  of  the  38°  north  latitude  there  is  prob- 
ably only  one  generation  annually.  The  adult  beetles  on  emerging  fly  to 
the  fruit  and,  during  the  remainder  of  the  summer,  feed  on  the  apples, 
making  small  holes  through  the  skin,  and  with  the  aid  of  their  curved 
snouts  eating  out  a  cavity  in  the  flesh  beneath  these  holes.  Some  of  them 
begin  seeking  winter  quarters  in  August,  while  others  remain  on  the  trees 
as  late  as  mid-October  or  the  first  of  November,  in  the  South. 

Control  Measures. — To  reduce  injury  by  cureulio  in  badly  infested 
orchards,  it  is  often  necessary  to  combat  this  insect  by  spraying,  cultiva- 
tion, and  the  removal  of  the  dropped  fruit.  Orchards  that  have  not  been 
cultivated  for  a  number  of  years  are  usually  more  seriously  infested  with 
the  cureulio  than  orchards  where  the  ground  is  kept  clean,  as  they  afford 
better  wintering  places  for  the  insects.  Orchards  close  to  woodlands  are 
nearly  sure  to  suffer  injury  by  this  insect,  especially  the  rows  of  trees  near- 
est the  woods.  For  this  reason  it  is  important  to  keep  an  orchard  in  a 
clean  condition  with  as  little  brush  or  woodland  as  possible  in  the  vicinity. 
Keeping  the  orchard  clean-cultivated  during  June  and  July  also  is  of 
great  help  in  controlling  the  cureulio.  If  the  surface  of  the  ground  is 
disked  or  harrowed  so  that  the  soil  is  stirred  for  a  depth  of  3  or  4  inches, 
the  cells  of  earth  in  which  the  cureulio  pupates  will  be  broken  up  and, 
even  though  the  insect  is  not  crushed  by  the  cultivating  tools,  it  will  be 
killed.  Such  cultivation  of  heavily  infested  orchards  has  been  found  of 
great  help  in  reducing  the  numbers  of  the  cureulio. 

Careful  spraying  or  dusting,  properly  timed,  is  of  great  importance 
as  a  means  of  controlling  the  cureulio.  Where  the  insect  is  abundant, 
the  spray  schedule  as  given  for  the  codling  moth  should  be  applied,  with 
one  additional  spray  put  on  1  week  after  the  calyx  or  petal-fall  spray 
and  followed  with  another  spray  a  week  later.  Arsenate  of  lead  is  the 
poison  most  commonly  used,  at  2  pounds  to  50  gallons  of  spray  material, 
or  15  pounds  in  100  pounds  of  dust. 

In  badly  infested  orchards  it  will  be  of  advantage  to  pick  up  and 
destroy  the  dropped  apples  during  June  and  July  if  this  can  be  done  at 
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small  expense.  Once  well  established  in  an  orchard,  the  curculio  may 
become  such  a  serious  pesl  thai  ii  will  warrant  taking  the  most  vigorous 
measures  possible  to  Becure  effective  control. 

h'(f,n  nets.  r.  S.  Dept  Agr.  Bur.  Entomol  Butt.  103,  1912;  U.  S.  Dept.  Agr.  Dept. 
Butt.  1205,  L924j  Mo.  state  Fruit  Exp.  Sta.  Butt.  21,  L909. 

Apple  Curculio1 

Importance  and  Type  of  Injury. — This  insect  is  somewhat  like  the  plum 
curculio  in  general  appearance,  but  differs  from  it  in  its  habits  and  manner 
of  injury  to  the  apple.  It  is  not  as  important  as  an  apple  pest.  The 
apples  attacked  are  misshapen,  knotty,  and  undersized.  Small  holes  are 
eaten  in  the  sides  or  ends  of  the  apple,  many  holes  often  being  made  close 
together  causing  a  deadened  area  on  the  skin  of  the  apple  (Fig.  384). 
There  are  sharp  pointed  protuberances  on  the  apple  marked  at  their 
center  by  a  small  puncture  in  the  skin.  Infested  apples  sometimes  drop 
as  is  the  case  with  the  plum  curculio.  The  injury  may  be  distinguished 
from  that  of  the  plum  curculio  by  the  larger  number  of  punctures  close 
together  through  the  skin  and  the  larger  deadened  areas  on  the  fruit 
surface  as  above  mentioned. 

Trees  Attacked. — Apple,  haw,  wild  crab,  quince,  and  some  others. 

Distribution. — East  of  the  Rocky  Mountains. 

Life  History,  Appearance,  and  Habits. — This  insect,  like  the  plum  cur- 
culio, passes  the  winter  in  the  full-grown  or  beetle  stage.  It  is  of  a  brown 
to  light-brown  color,  with  four  very  distinct  humps  on  the  back  (Fig. 
386).  The  snout  is  longer  and  more  slender  than  that  of  the  plum  cur- 
culio, being  nearly  as  long  as  the  insect's  body.  The  head  is  small,  and 
the  body  enlarges  toward  the  base  of  the  abdomen,  giving  the  insect  a 
distinct  triangular  outline  when  viewed  from  above.  This  insect  hiber- 
nates, so  far  as  we  know,  in  much  the  same  situations  as  the  plum  cur- 
culio. It  attacks  the  apple  somewhat  later  in  the  spring,  usually  not 
being  found  in  orchards  until  the  apples  are  at  least  J£  inch  in  diameter. 
The  females  excavate  cavities  in  the  fruit,  in  which  they  lay  their  eggs, 
but  do  not  make  the  crescent-shaped  slits  characteristic  of  the  egg-laying 
scars  of  the  plum  curculio.  The  eggs  are  deposited  from  May  to  mid-July 
each  insect  laying  from  25  to  70.  The  feeding  of  the  larva  of  the  apple 
curculio  very  seldom  causes  the  fruit  to  drop,  as  does  the  plum  curculio. 
This  insect  also  differs  in  its  habits  from  its  near  relative  in  that  the  larva* 
pupate  within  the  apple,  the  adults  appearing  in  July  and  August.  These 
beetles  do  very  little  feeding,  and  go  into  hibernation  by  the  first  of 
September.  So  far  as  we  know,  there  is  only  one  generation  of  this  insect 
annually. 

1  TachypU  rcllus  (Anthonomus)  quadrigibbus  (Say),  Order  Coleoptera,  Family 
Curculionictee. 
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Control  Measures,     General  measures  of  orchard  sanitation  are  fully 

as  important  in  the  control  of  tins  insect  as  for  the  plum  CUrculio.  It  is 
also  highly  important  thai  hawe  and  wild  crabs  should  be  cul  down,  if 
growing  within  '  2  mile  of  the  orchard.     These  trees  are  the  native  food 

plants  of  the  apple  CUrculio,  and  the  insects  will  usually  be  found  on  them 
in  greater  numbers  than  on  the  apple.  ( hving  to  the  fact  that  the  larv;e 
pupate  within  the  fruit  largely  on  the  tree,  summer  cultivation  is  of  no 
advantage  in  the  control  of  this  insect.  It  is  also  difficult  to  kill  by  means 
of  poison  sprays,  as  the  adult  beetles  feed  but  little  on  the  surface  of  the 


Fig.  386. — Apple  eurculio,  T  achy  pi  en  11  us  quadrigibbiis  (Say) ;  showing  the  long  snout 
of  the  beetle  and  position  assumed  when  disturbed.  About  two  and  one-half  times 
natural  size.      (From  III.  Ayr.  Exp.  Sta.  Bull.  98.) 


fruit,  taking  most  of  their  food  through  their  long  beaks  from  the  flesh  of 
the  apple  beneath  the  skin.  On  the  whole,  it  may  be  said  that  keeping 
the  orchard  and  vicinity  free  from  grass,  bushes,  or  other  places  offering 
hibernating  quarters  for  the  adult  insects,  is  the  most  effective  means  of 
controlling  the  apple  eurculio. 

References.— III.  Agr.  Exp.  Sta.  Bull.  98,  1905;  W.  Va.  Agr.  Exp.  Sta.  Bull  126, 
1910. 

Apple  Red  Bugs 

Importance  and  Type  of  Injury. — The  apple-growing  states  in  the  East 
often  suffer  considerable  losses  from  certain  sucking  insects  known  as 
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apple  red  bugs,  [nfested  frail  (Fig.  387)  has  a  pitted  or  dimpled  appear- 
ance, is  dwarfed  in  size,  and  somewhat  hard  or  woody  in  texture  and 
sometimes  rasseted  in  spots.  The  general  appearance  is  somewhat  like 
that  of  the  injury  by  the  rosy  apple  aphid  except  for  the  dimpling  or  pit- 


Fig.  387. 


-Apples  deformed  by  apple  red  bugs.     Note  the  dimpled  appearance. 
U.  S.  D.  A.  Farmers'  Bull.  1270.) 


(From 


ting  and  russeting,  which  do  not  usually  occur  in  the  case  of  injury  by 
aphids. 

Trees  Attacked. — Apple,  pear,  haw,  and  probably  others. 

Distribution. — States  east  of  the  Mississippi  River.     Most  destructive 
in    New    York,     New    England,     and    southeastern 
Canad  a. 

Life  History ,  Appearance,  and  Habits. — Red  bugs 

pass  the  winter  in  the  egg  stage.     These  eggs  are  laid 

in  the  bark  of  branches  of  the  trees  in  the  case  of  the 

dark  apple  red  bug,1  and  in  the  bark  lenticels  in  the 

case  of  the  light  or  false  apple  red  bug.2     They  hatch 

early  in  the  spring.     The  young  nymphs  feed  at  first 

on  the  foliage  and  later  on  the  young  apples.     They 

,  .  ,  r     j        ,.     ,  ,,       of  false  apple  red  bug, 

are  piercing-sucking  insects,  ana  feed  entirely  on  the  £ygidea  mendax  Reu- 

sap  of  the  leaves  or  juice  of  the  fruit.     Wherever  they  ter.    About     t  hree 

insert  their  beaks  in  the  apple,  the  surrounding  tissue  natura]  cs;zo.    (From 

becomes  hardened  and  ceases  to  grow,  and  the  entire  U.  8.  D.  A.  Farmers' 

fruit  is  stunted.     These  two  species  have  essentially  the 

same  habits.     Upon  becoming  full-grown,  the  adults  of  the  dark  apple  red 

bug  are  about  }i  inch  long,  reddish-black  in  color  and  covered  on  the  upper 

surface  witli  white  flattened  hairs.      In  the  false  nn\  bug  (Fig.  388)    the 

head  and  front  pail  of  the  body  are  of  an  orange  color.      There  is  hut  one 

1  Heterocordylus  malinua  Router,  Order  Hemiptera,  Family  Miridse. 
*Lygidea  mendax  Reuter,  Order  Hemiptera,  Family  Mirida?. 


Fig.    388.  —  Adult 


584  DESTRl  (  771  E  AND  i  SBPl  L  INSECTS 

generation  annually,  nearly  all  of  the  injury  being  caused  by  fche  young  or 

nymphs,  during  the  first  nmnt  h  after  t  he  fall  of  tin*  petals. 

Control  Measures.  Red  bugs  can  not  he  controlled  by  the  application 
of  any  stomach  poison,  as  they  do  not  feed  on  the  surface  of  the  Leaves  or 
the  fruit.  Where  abundant  they  may  be  controlled  by  the  use  of  a  con- 
tact poison  such  as  40  per  cent  nicotine  sulfate  1  part  to  800  parts  of  water, 
or  Yi  pint  to  50  gallons.  This  should  be  applied  in  the  cluster-bud  spray 
and  again  in  the  calyx  spray  (see  Spray  Schedule,  p.  586).  Nicotine 
sulfate  may  be  combined  with  the  ordinary-strength  lime-sulfur  and 
arsenate  of  lead,  or  may  be  applied  alone.  In  the  latter  case,  it  is  much 
more  effective  if  1  pound  of  potash  fish-oil  soap  is  dissolved  in  each  25 
gallons  of  the  spray  mixture.  The  spray  should  be  applied  on  warm  days 
by  two  men  working  from  opposite  sides  of  the  tree,  as  the  red  bugs  are 
so  active  that  they  may  escape  being  hit  by  a  spray  applied  to  one  side 
of  the  tree  at  a  time.  On  cool  days,  the  insects  will  not  be  feeding  in  the 
t  rees. 

References.— N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bulls.  291,  1911,  and  396,  1918; 
Slingerland  and  Crosby,  "Manual  of  Fruit  Insects,"  p.  28,  1914;  N.  Y.  (Geneva) 
Agr.  Exp.  Sta.  Bull.  490,  1921. 

Apple  Maggot1 

Importance  and  Type  of  Injury. — Apples  in  the  colder  sections  of  the 
United  States  are  often  badly  injured  by  the  maggots  of  medium-sized 
black,  white,  and  yellow  flies.  These  maggots  bore  through  the  flesh 
of  the  apple,  and  are  known  as  the  apple  maggot,  or  more  commonly  as 
the  " railroad  worm."  Where  this  insect  is  abundant,  it  is  one  of  the 
most  serious  pests  of  apples,  especially  early  varieties.  Infested  apples 
have  brown,  winding  galleries  running  through  the  flesh.  Heavily 
infested  fruit  will  be  reduced  to  a  brown  rotten  mass  filled  with  yellowish 
legless  maggots,  about  }i  inch  in  length  and  tapering  towards  the  head. 
When  the  fruit  is  slightly  infested,  there  is  no  external  indication  of  the 
presence  of  the  maggots,  but  when  the  fruit  becomes  ripe,  the  burrows 
show  as  dark  lines  under  the  skin  (Fig.  390).  There  is  a  marked  differ- 
ence in  the  susceptibility  to  attack  by  different  varieties,  the  thin-skinned, 
early  maturing  varieties  being  most  severely  injured. 

Plants  Attacked. — The  apple  maggot  is  a  native  insect,  probably  feeding 
originally  on  haws.  It  has  been  found  in  wild  crabs,  is  a  serious  pest  of 
blueberries  and  feeds  to  some  extent  in  huckleberries,  plums  and  cherries. 

Distribution. — The  apple  maggot  is  a  northern  insect  occurring  as  far 
west  as  North  and  South  Dakota,  southward  and  eastward  to  Arkansas, 
and    Ohio,   and   throughout    the   northeastern   states  and  southeastern 

1  Rhagoletis  romoneUa  Walsh,  Order  Diptera,  Family  Trypetidae. 
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Canada.  A  small  variety  of  this  species,  breeding  in  snowberry,  lias  been 
taken  in  the  western  states. 

Life  History,   Appearance,  and  Hah/Is. — The  winter  is  passed   in   the 
pupal  Btage  within  a  brown  puparium  about  y±  inch  long.     These  puparia 

are  buried  in  the  soil  to  a  depth  of  from  2  to  6  inches  or  more.  The  adult 
tlies  begin  emerging  about  midsummer.  They  are  black  in  color,  with 
white  bands  on  the  abdomen,  four  on  the  female  and  three  on  the  male, 
and  are  a  little  smaller  than  the  house  fly.  The  wings  are  conspicuously 
marked  with  four  oblique  black  bands  (Fig.  389).  They  drink  drops  of 
water  that  have  accumulated  on  the  fruit  and  leaves.     The  females  lay 


Fig.  389.  Fig.  390. 

Fig.  389. — Apple  maggot,  Rhagoletis  pomonclla  Walsh;  adult  on  fruit,  natural  size. 
{From  Ontario  Dept.  Agr.  Bull.  271.) 

Fig.  390. — Section  through  an  apple  infested  with  the  apple  maggot,  showing  a  full- 
grown  larva,  natural  size.      {From  Out.  Dept.  Agr.  Bull.  271.) 


their  eggs  in  punctures  in  the  skin  of  the  apple,  made  by  a  sharp  ovipositor 
attached  to  the  tip  of  the  abdomen.  Egg  laying  does  not  usually  take 
place  until  2  or  3  weeks  after  the  flies  have  emerged.  The  eggs  hatch  in 
from  5  to  10  days,  and  the  maggots  develop  slowly  in  the  green  fruit  and 
do  not  usually  complete  their  growth  until  the  infested  apples  have 
dropped  from  the  tree.  After  the  fruit  has  fallen,  the  larva?  leave  the 
apple  and  enter  the  ground,  where  the  puparia  are  formed  within  which 
they  pupate.  In  the  southern  part  of  the  range  of  the  insect,  there  is  a 
partial  second  generation,  the  adults  emerging  in  the  early  fall. 

Control  Measures. — The  most  effective  control  for  the  apple  maggot  is 
to  spray  the  trees  at  the  time  the  adults  make  their  appearance  in  mid- 
summer, using  arsenate  of  lead  at  the  rate  of  1  pound  to  50  gallons  of 
water.     Throughout  most  of  the  insect's  range,  this  spray  should  first  be 
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given  during  the  first  week  in  July,  and  should  be  followed  by  B  second, 
and  possibly  a  third,  application,  at  intervals  of  two  weeks.  The  flies 
feeding  on  the  surface  of  the  frail  and  foliage  are  poisoned  by  the  spray. 
Picking  up  all  early-dropped  fruit  and  feeding  it  to  hogs  will  destroy 
many  of  the  larva4  before  they  have  left  the  apples. 

References. — Jour.  Agr.  Res.,  Vol.  28,  Apr.  5,  1924;  Nova  Scotia  Dept.  Agr.  Bull.  9, 
1917;  N.  H.  Agr.  Exp.  Sta.  Bull.  171,  1914;  U.  S.  Dept.  Agr.  Tech.  Bull.  66,  1928. 

Spray  Schedule  for  Apples 

In  most  of  the  apple  growing  sections  of  the  north-central  United 
States,  the  following  spray  schedule  is  followed  as  a  part  of  the  regular 
orchard  practice.  The  grower  should  follow  the  spray  schedule  recom- 
mended by  the  agricultural  experiment  station  of  his  own  state: 

/.   Dormant  Spray. — Applied  before  the  trees  come  into  leaf,  or  as  a  delayed  dormant 

spray,  when  the  buds  are  showing  tip  green.     Applied  generally  for  the  control  of 

scale  insects  and  leaf  roller. 

Materials  to  be  used:  Commercial  lime-sulfur  (33°  Be.)  1  part  to  7  parts  of  water; 

or  lubricating-oil  emulsions,  2  per  cent  oil. 
//.    The  Cluster-bud  Spray. — Applied  when  the  fruit  buds  have  separated,  but  before 

the  petals  have  opened.     This  spray  is  mainly  for  disease  control,  but  is  of 

importance  in  the  control  of  some  insects. 

Materials  to  be  used: 

Water 49  gallons 

Commercial  lime-sulfur 1  gallon 

Arsenate  of  lead 1  to  2  pounds 

///.   The  Petal-fall  or  Calyx  Spray. — The  application  should  be  begun  when  the  petals 

are  three-fourths  fallen.     This  is  the  most  important  spray  for  the  control  of  the 

codling  moth. 

Materials  to  be  used:  Same  as  for  the  cluster-bud  spray. 
IV.   The  1-week  or  10-day  Spray. — Applied  1  week  to    10    days    after    number  III. 

Mainly  for  disease  control,  but  is  of  importance    in  the  control  of  the  plum 

curculio,  codling  moth,  and  some  other  insects. 

Materials  to  be  used:  Same  as  for  the  cluster-bud  spray.     Or,   3-6-50  Bordeaux 

mixture,  50  gallons,  arsenate  of  lead,  1  to  2  pounds. 
V.   The  3-weeka  Spray. — Applied  3  weeks  later  than  number  III.     For  the  first- 
generation  larva)  of  the  codling  moth  and  the  control  of  certain  diseases. 

Materials  to  be  used:  Same  as  for  the  cluster-bud  spray. 
VI.  Later  Sprays. — Later  sprays  are  needed,  but  the  time  of  applications  will  vary 

with  the  locality  and  pests  to  be  combated. 

Materials  to  be  used:  Same  as  for  the  cluster-bud  spray;  or 

Water 50  gallons 

Hydrated  lime 2  to  4  pounds 

Arsenate  of  lead 1  to  2  pounds 

B.  PEAR  INSECTS 
FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  THE  PEAR 

1.  Dark  masses  of  wet  frass  protrude  from  the  sides  of  the  fruits  or  from  the  blos- 
som end.  being  forced  out  from  holes  which  extend  through  the  flesh  of  the  fruit  usually 
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to  iht1  core.  Pinkish-white,  brown  headed  worms  Feeding  in  these  holes.  Plat, 
Bhining,  white  eggs  on  the  leaves  in  the  vicinity  of  fruits  or  on  the  skin  of  the  fruit. 
Codling  moth,  page  687. 

2.  Fruit  and  branches  specked  with  sum  1 1  blackish  or  grayish-brown  Bcales,  circular 

in  outline  and  from  very  small  to  a  little  larger  than  a  pinhead,  with  a  raised,  dark- 
lira  v,  nipple-shaped  ares  in  the  center.     Bright,  lemon-yellow,  soft-bodied  insects 

lying  under  the  protecting  scale.      In  heavy  infestations,  hark  of  twigs  and  branches 

completely  coated  with  a  gray  covering  of  scales.    San  Jose  .scale,  page  oS7. 

'A.  Blender,  bronze,  shining  hectics,  about  ' ;;  inch  in  length,  on  the  bark  of  the 
sunny  sides  of  the  pear  trees  during  May  and  Juno.  Twisting  or  winding,  brown 
burrows  running  through  the  inner  bark,  indicated  by  swelling  or  cracking  of  the; 
outer  bark.  Where  burrows  are  numerous,  trees  are  sometimes  girdled  and  killed. 
Sinuate  pear-tree  borer,  page  588. 

4.  Pear  trees  with  foliage  showing  a  brownish  color,  hlackening  or  drying  up  about 
midsummer.  Very  small,  shining,  cicada-like  insects,  about  3-io  mcn  l°ng>  under  the 
bark  of  infested  trees  during  the  winter.  Minute,  orange-yellow  eggs  on  bark  at  base 
of  fruit  spurs  in  spring.  Translucent,  yellow,  olive,  or  black,  very  small,  but  broad, 
wingless  nymphs,  sucking  the  sap  from  the  stems  of  leaves,  and  sometimes  from  the 
under  surface  of  the  leaf.  Sticky  drops  of  nearly  colorless  liquid  on  the  leaves  and 
fruit,  sometimes  covered  by  a  black  growth  of  soot-like  fungus.  Pear  psylla,  page 
588. 

5.  Very  minute,  elongated,  nearly  white-bodied,  four-legged  mites,  about  H25  inch 
long,  sheltering  under  the  bud  scales  of  trees  in  winter,  and  forming  reddish-brown, 
blister-like  galls  on  the  undersides  of  the  leaves  during  the  growing  season.  Galls 
often  so  thick  as  entirely  to  coat  the  under  surface  of  the  leaves,  giving  them  much  the 
appearance  of  being  infected  with  some  fungus.     Pear-leaf  blister  mite,  page  590. 

6.  Buds  and  young  flowers  of  pear,  prune,  and  some  other  fruits  fail  to  open,  and 
become  brown  and  blasted  in  appearance.  Very  small,  black,  slender-winged  insects 
feed  within  the  buds  or  opening  flowers.  Young  fruits  shrivel  and  drop.  Pear  thrips, 
page  592. 

7.  Soft,  fleshy,  dark-green  to  orange,  slimy,  slug-like  larvae,  up  to  }4.  mcn  m  length, 
feed  on  the  surface  of  pear  and  cherry  leaves,  skeletonizing  the  leaves.  Most 
abundant  during  late  spring  and  again  in  late  summer.  In  late  spring,  black  and 
yellow  wasp-like  insects,  about  l/i  inch  in  length,  lay  their  eggs  on  the  leaves. 
Pear  slug,  page  616. 

Codling  Moth 

The  fruit  of  the  pear  is  subject  to  attack  by  the  codling  moth,  but 
not  to  as  great  an  extent  as  is  the  apple.  The  control  measures  are  the 
same  as  for  the  apple  (see  p.  571),  but  fewer  sprays  are  required. 

San  Jose  Scale 

Varieties  of  pears,  such  as  Duchess,  Seckel,  Bartlett  and  Bosc,  are 
subject  to  attack  by  the  San  Jose  scale,  and  should  be  given  the  same 
dormant  treatment  as  the  apple.  Mature  Kieffer  and  Garber  pears  are 
seldom  seriously  injured  by  San  Jose*  scale  and  rarely  need  to  be  sprayed 
for  the  control  of  this  insect  (see  p.  539). 
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Borers 

Pears  arc  quite  subject  to  attack  by  the  Rat-headed  apple-tree  borer  and  boom 
species  arc  also  injured  l>y  the  round-headed  apple-tree  borer.     The  control  methods 

for  these  insects  are  the  same  as  t  hose  given  tor  t  heir  control  on  apple  (see  pp  526   52 

Sinuate  Pear-tree  Borer1 

Importance  and  Type  of  Injury. — Trees  infested  by  this  insect  have 
narrow  winding  burrows  in  the  inner  hark  and  Bapwood,  the  presence 
of  these  burrows  being  indicated  by  dark  lines  in  the  outer  bark.  If  the 
burrows  are  numerous  the  bark  will  be  killed.  Trees  are  sometimes 
girdled  and  killed  where  the  insects  are  abundant. 

Trees  Attacked. — Pear. 

Distribution. — This  is  a  European  insect  first  found  in  New  Jersey 
in  1894.  Its  known  range  in  North  America  is  confined  to  New  Jersey 
and  New  York. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
larval  stage  in  burrows  in  the  tree.  The  larvae,  which  are  very  slender, 
are  of  two  sizes  in  winter;  the  smaller,  about  x/l  mcn  l°ng>  m  the  inner 
bark,  and  the  larger,  about  1}  2  inches  long,  in  small  cells  in  the  sapwood 
which  are  plugged  at  each  end  with  coarse  sawdust.  The  larger  larvae 
pupate  in  the  early  spring  and  emerge  as  beetles  during  the  last  of  May 
and  June.  These  beetles  are  very  slender,  about  five  times  as  long  as 
wide,  of  a  purplish-bronze  color,  and  about  }i  inch  long.  They  are 
somewhat  flattened,  and  taper  to  a  blunt  point  at  the  tail  end.  The 
beetles  feed  on  the  foliage  of  the  pear  and  the  females,  after  mating,  lay 
their  eggs  in  cracks  in  the  bark.  The  grubs  on  hatching  burrow  in  the 
bark  as  above  described.  The  larvae  grow  rather  slowly,  changing  to 
pupae  the  second  spring  after  the  eggs  are  laid.  There  is  probably  one 
generation  each  two  years. 

Control  Measures. — The  dead  or  dying  trees,  or  branches  that  are 
very  heavily  infested,  should  be  cut  off  and  burned  during  the  winter. 
If  the  foliage  of  the  pear  trees  is  sprayed  heavily  with  arsenate  of  lead 
2  pounds  to  50  gallons  of  water  just  about  the  time  the  adult  beetles 
emerge,  most  of  them  will  be  killed  when  they  feed  on  the  poisoned 
leaves.     This  is  the  most  effective  control. 

Reference.— Conn.  Agr.  Exp.  Sta.  Bull.  266,  1921. 

Pear  Psylla2 

Importance  and  Type  of  Injury. — In  sections  where  this  insect  has 
become  established,  that  is,  in  the  northeastern  part  of  the  country, 
it  is  one  of  the  most  important  pests  of  the  pear.  The  leaves  on  heavily 
infested  trees  turn  brown  and  often  drop,  the  fruit  drops  prematurely, 

1  Agrilus  sinuatus  (Olivier),  Order  Coleoptera,  Family  Buprestidae. 

2  Psylla  (Psyllia)  pyricola  Forster,  Order  Homoptera,  Family  Chermidae. 
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Fig.  391. — The  pear  psylla,  Psylla  pyricola  Forster.  1,  first,  second  and  third  stage 
nymphs;  2,  fourth  and  fifth  stage  nymphs;  3,  eggs;  4,  winter  adult.  All  much  enlarged. 
(From  X.   Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  527.) 
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or  is  undersized  and  of  poor  quality.     Dark,  reddish-brown,  four-winged, 

cicada-like  insects,  about  \  M)  inch  in  length  (Fig.  391,  4),  will  be  found 

under  the  bark  during  the  winter;  and  much  smaller,  very  broad,  active, 
yellow  nymphs  (Fig.  391,  1,  2)  on  the  fruit  and  leaves  during  the  grow- 
ing season.  The  leaves  and  fruit  of  badly  infested  t  ices  will  be  covered 
with  honeydew,  which  in  turn  is  generally  coated  with  a  black  fungus, 
later  in  the  season. 

Trees  Attacked. — Pear. 

Distribution. — This  insect  is  of  European  origin,  was  brought  to 
Connecticut  about  1832,  and  has  spread  over  the  eastern  states. 

Life  History,  Appearance,  and  Habits. — The  pear  psylla  passes  the 
winter  as  an  adult  under  the  bark  of  the  trees  or  in  other  sheltered  places 
about  the  orchard.  The  adults  come  out  of  hibernation  early  in  the 
spring  and  the  females  deposit  their  pear-shaped,  orange-yellow  eggs 
(Fig.  391,  3)  in  cracks  in  the  bark  or  about  the  buds.  The  eggs  are 
attached  by  a  short  stalk  and  have  a  thread-like  filament  projecting 
from  the  unattached  end.  The  eggs  hatch  in  2  weeks  to  a  month  and 
by  the  time  the  trees  are  in  full  bloom  many  very  small,  yellow,  wingless 
nymphs  about  }£q  inch  long  may  be  found  on  the  stems  and  undersides 
of  the  leaves,  from  which  they  are  sucking  the  sap.  These  nymphs 
complete  their  growth  in  1  month,  or  slightly  less.  There  are  from 
three  to  five  generations  each  season,  the  eggs  of  the  later  generations 
being  laid  on  the  leaves  and  stems. 

Control  Measures. — One  of  the  most  effective  methods  of  controlling 
this  insect  is  to  spray  the  trees  very  thoroughly  with  oil  emulsions  or 
miscible-oil  sprays,  applied  at  the  strength  found  effective  for  the  con- 
trol of  San  Jose  scale.  The  spraying  should  be  done  as  soon  as  the  trees 
lose  their  leaves  in  the  fall,  or  just  before  growth  starts  in  the  spring. 
As  many  of  the  pyslla  are  on  the  small  branches  and  twigs  very  thorough 
spraying  is  necessary  to  hit  the  bodies  of  all  the  insects.  The  trees  may 
be  thoroughly  sprayed  with  dormant-strength  lime-sulfur  solution  (1  to 
9),  applied  just  before  the  blossom  buds  open.  This  spray  will  prevent 
the  hatching  of  any  eggs  that  are  thoroughly  coated  with  it.  Here 
again  the  most  thorough  application  is  necessary.  Very  good  control 
has  been  obtained  by  summer  spraying  with  Bordeaux  mixture  (2-3-50) 
and  }/2  pint  of  40  per  cent  nicotine  sulphate  to  each  50  gallons.  Dusting 
with  strong  nicotine  dusts  has  given  fair  control. 

Reference— N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  387,  1914;  and  527,  1925. 

Pear-leaf  Blister  Mite1 

Importance  and  Type  of  Injury. — Brownish  blisters  appear  on  the 
undersides  of  the  pear  and  apple  leaves.     The  blisters  are  commonly 

1  Eriophyes  pyri  Pagenstecher,  Order  Acarina,  Family  Eriophyidae. 
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1  s  inch  across,  or  massed  together  in  such  a  way  as  nearly  t<>  cover  the 
underside  of  the  leaf  Biirface  (Fig.  392).  Upon  examination  with  a 
lens,  these  blisters  will  be  found  swarming  with  very  small,  elongated, 
pale,  four-legged  mites. 

Trees  Attacked.     Pear  and  apple. 


Fig.  392. — Pear  leaves  infested  with  the  pear-leaf  blister  mite.  Reduced.  (From 
Slingerland  and  Crosby,  "Manual  of  Fruit  Insects,"  copyright,  1915,  by  the  Macmillan 
Comjxiny.      Reprinted  by  permission.) 

Distribution. — General  in  fruit  growing  sections  of  North  America. 
It  was  introduced  into  this  country  .about  1870. 

Life  History,  Appearance,  and  Habits. — The  adult  mites,  which  are 
only  about  JI25  mcn  l°ng  (Fig.  393),  go  through  the  winter  beneath  the 
bud  scales.     As  soon  as  the  foliage  has  started  to  come  out  in  the  spring, 


Fit;.  393.- — A  pear-loaf  blister  mite,  Eriophyes  pyri  Pagenstecher.  About  250  times 
natural  size.  {From  Slingerland  and  Crosby,  "Manual  of  Fruit  Insects"  copyright, 
1915,  by  tfu    Macmillan  Company.     Reprinted  by  permission.) 


they  become  active  and  start  feeding  on  the  undersides  of  the  leaves, 
causing  the  brownish  blisters  in  which  the  eggs  arc  laid  and  the  young 
develop.  There  are  a  number  of  generations  each  year.  The  creatures 
may  also  attack  the  fruit,  causing  it  to  be  dwarfed  or  to  drop  when  the 

mites  are  numerous. 
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Control   Measures.      Pear-leaf  Mister  mites  are  readily  controlled   by 

winter  Bpraying  with  lime-sulfur,  or  miscible  oil,  at  the  same  strength  as 

for  San  -lose  scale. 

References.—  U.  S.  Dept.  Agr.  Farmers'  Bull.  722,  1916;  N.  Y.  (Geneva)  Agr.  Exp. 
Sta,  Bull.  3(W,  1908. 

Pear  Thkips1 

Importance  and  Type  of  Injury. — Pear  thrips  attack  the  buds  of 
fruit  trees  very  early  in  the  spring,  before  the  buds  open,  causing  them 

to  shrivel  and  turn  brown.  The  female  thrips  also  injure  young  fruits 
by  depositing  their  eggs  in  the  stems  of  the  blossoms.  These  egg  punc- 
tures cause  the  fruit  to  drop.  Heavily  infested  orchards  appear  as 
though  injured  by  fire.     In  some  sections  the  insect  is  very  important. 

Distribution. — This  insect  is  an  imported  species  and  was  first  found 
in  California  in  1904.  It  now  occurs  along  the  Pacific  coast,  in  California, 
Oregon,  and  British  Columbia.  In  the  eastern  part  of  the  country,  it 
is  recorded  from  New  York,  Pennsylvania,  and  Maryland. 

Plants  Attacked. — The  insect  is  primarily  a  pest  of  pear,  and  attacks 
also  apple,  apricot,  cherry,  grape,  peach,  plum,  prune,  and  several  other 
fruit  trees,  as  well  as  poplar,  maple,  shadberry,  willow,  currant,  and 
several  shrubs  and  weeds. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  from 
5  to  7  inches  deep  in  the  soil,  in  small  cells.  The  insects  are  in  the 
newly  formed  adult  stage.  They  remain  in  these  cells  until  early 
spring,  appearing  on  the  trees  in  New  York  about  the  first  of  April  and 
in  California  in  February.  The  actults  are  very  active,  working  their 
slender  bodies  in  between  the  bud  scales  and  feeding  upon  the  swelling 
buds.  These  adults  are  about  3^20  incn  long.  The  females  soon  begin 
laying  their  eggs  in  the  fruit  stems,  midribs,  and  stems  of  leaves.  The 
egg-laying  period  extends  over  about  3  weeks.  The  young  nymphs 
begin  hatching  in  2  weeks  and  feed  in  large  numbers  within  the  opening 
fruit  buds.  The  young  are  white  in  color  in  contrast  with  the  black 
adults.  The  young  become  full  grown  in  about  4  weeks,  and,  still  in 
the  nymphal  stage,  they  drop  to  the  ground,  which  they  enter.  There 
they  form  the  cells  in  which  they  pass  the  summer  and  hibernate  during 
the  winter  (see  Fig.  108,  p.  185). 

Control. — The  best  method  of  controlling  these  insects  is  to  spray 
thoroughly  with  a  miscible-oil  or  lubricating-oil  emulsion  at  a  strength  of 
2  per  cent  oil,  plus  nicotine  at  the  rate  of  1  pint  to  100  gallons  of  water. 
This  spray  should  be  applied  as  soon  as  the  adult  thrips  appear  on  the 
buds.  The  time  of  their  appearance  will  vary  according  to  the  locality 
and  season,  so  that  one  will  have  to  keep  watching  the  trees  in  order  to 
know  the  best  time  for  applying  this  spray.     Where  thrips  are  abundant, 

1  Tceniothrips  inconsequens  Uzel,  Order  Thysanoptera,  Family  Thripidae. 
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a  second  application  of  the  same  materials  should  be  made  ;ii  the  cluster- 
bud  Btage  of  the  fruit.  In  applying  as  oil  spray  a1  this  stage,  care  must 
be  taken  to  use  an  oil  which  is  not  injurious  to  the  foliage.  Serious  infes- 
tations can  be  greatly  reduced  by  thorough,  deep  cultivation  of  the 

orchard  in  the  late  summer  and  early  fall,  if  this  can  be  done  without 
injury  to  1  he  f  rees. 

References.     U.  S.  Dept,  Agr.  Bur.  of  Entomol.  Bull.  G8,  pp.  1-10,  1909;  N.  Y. 

0<    em)  Affr.  /•:./•/>.  Sta.  Hull.  484,  1921. 


('.   QUINCE  INSECTS 
FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  THE  QUINCE 

1.  Grayish  scales  adhering  to  the  bark  and  fruit  (sec  Field  Key  for  the  Identification 
of  Insects  Injuring  the  Apple,  number  C,  1).     San  Jose  scale,  page  539. 

2.  Worms  feeding  in,  and  boring  holes  through  the  fruit  (see  Field  Key  for  the 
Identification  of  Insects  Injuring  the  Apple,  number  E,  1).     Codling  moth,  page  568. 

3.  Pinkish  to  creamy-white,  short-legged  worms  with  brown  heads,  up  to  l/2  inch 
long,  boring  in  the  twigs,  causing  them  to  wilt,  and  also  in  the  fruit.  Entrance  holes 
of  worms  often  through  the  stem,  not  showing  on  the  outside  of  the  fruit.  Oriental 
fruit  moth,  page  608. 

4.  Irregular  cavities  eaten  in  the  flesh  of  the  quince  with  very  small  openings 
through  the  skin.     White,  legless  grubs  feeding 

in  the  fruit  of  the  quince  during  early  summer, 
but  seldom  causing  the  fruit  to  drop.  Grayish- 
brown,  rather  broad-shouldered  snout  beetles, 
the  snout  about  one-third  as  long  as  the  body, 
feeding  on  the  flesh  of  the  fruit.  Injured  fruit 
becomes  deformed  and  knotty.  Quince  curculio, 
page  593. 

Apple  Insects  That  Injure  the 
Quince 

The  quince  is  often  infested  with  San 
Jose  scale  (see  p.  539).  It  is  particularly 
subject  to  injury  by  the  round-headed 
apple-tree  borer  (see  p.  527),  which  seems 
to  prefer  the  quince  above  any  of  the  other 
fruit  trees.  The  fruit  is  attacked  by  the 
codling  moth  (see  p.  568),  and  the  leaves 
by  several  of  the  insects  common  on  apple. 


Fig.  394. — The  quince  curculio, 
Conotrachclus  cratccgi  Walsh;  adult, 
natural  size  and  enlarged.  (From 
Slingerland,  N.  Y.  (Cormlh  Agr. 
Exp.  Sta.  Bull.  148.) 


Quince  Curculio1 

The  most  important  insect  which  con- 
fines its  attack  to  the  quince  is  the  quince  curculio.  This  curculio  differs 
slightly  from  the  apple  and  plum  curculios  in  that  it  goes  through  the 
winter  in  the  grub  stage  in  the  soil.     The  adult  (Fig.  394)  is  a  broad- 


1  Conotrachclus  cratagi  Walsh,  Order  Coleoptera,  Family  Curculionids. 
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shouldered  snout  hectic  grayish-brown  in  color,  without  humps  on  the 
back. 

Control  Measures,  Summer  cultivation  of  the  orchard  is  of  no  value 
in  combating  this  insect,  since  it  does  not  enter  the  soil  until  late  summer. 
As  the  grubs  leave  the  fruit  before  it  drops,  picking  up  the  dropped 
quinces  cannot  be  practiced  as  a  control  measure. 

Thorough  spraying  with  arsenate  of  lead  and  lime,  2  pounds  of  each 
to  50  gallons  of  water,  is  the  most  effective  method  of  keeping  down  this 
insect.  The  application  should  be  made  at  approximately  the  same  stage 
of  development  of  the  quince  as  for  the  plum  curculio  on  apple  (see  p. 
580). 

References.— N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  148,  1898;  N.  Y.  State  Dept.  Agr. 
Butt.  116,  1919. 

D.  PEACH  INSECTS 

FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  THE  PEACH 

.1.   Insects  that  burrow  in  the  trunk  ami  branches: 

1.  Masses  of  gum,  mixed  with  brown  sawdust-like  bits  of  frass  and  bark,  exuding 
from  around  the  base  of  the  trunk.  White  caterpillars,  with  brown  heads,  up  to  1  inch 
long,  burrowing  in  the  bark  from  8  or  10  inches  above,  to  3  or  4  inches  below,  the 
surface  of  the  soil.  Brown  tough-skinned  pupa-cases  protruding  from  the  gummy 
masses  about  the  base  of  the  trunk  during  the  latter  part  of  the  summer  and  early  fall. 
Black  and  yellow  wasplike  moths  flying  rapidly,  in  daytime,  about  the  base  of  the 
trunk,  in  late  summer  or  early  fall.     Peach  tree  borer,  page  595. 

2.  Masses  of  gum  containing  brown  sawdust,  exuding  from  the  upper  part  of  the 
trunk  and  branches  of  the  peach,  most  frequently  from  forks  of  limbs.  White  cater- 
pillars with  brown  heads,  up  to  a  little  over  'ji  inch  in  length,  working  in  the  bark  under 
masses  of  gum.  Metallic,  blue-black,  yellow-marked,  wasp-like  moths  flying  rapidly 
about  the  trees  after  midsummer.     Lesser  peach  tree  borer,  page  599. 

3.  Very  small,  inconspicuous,  silk  cocoons  closely  attached  to  the  larger  branches 
and  the  trunk  of  the  tree  during  the  winter.  Brown  worms  with  black  heads,  from 
1  i  t;  to  %  inch  in  length,  inside  these  cocoons.  Small  cavities  eaten  into  the  ends  of  the 
new  growth  of  peach  shoots  in  the  spring,  causing  them  to  wilt  and  die  back.  Small 
masses  of  gum  exude  from  injured  twigs.  Occasionally  the  small  brown  worms  will 
be  found  in  the  peach  fruits.     Peach  twig  borer,  page  601. 

4.  Pinkish  to  creamy  white,  short-legged  worms  with  brown  heads,  the  largest  3^ 
inch  long,  bore  in  the  twigs  of  peach,  causing  them  to  wilt.  Injury  is  similar  to  A,  3. 
Oriental  fruit  moth,  page  608. 

5.  Small  bits  of  gum  exuding  from  many  points  along  the  trunk  and  branches  of 
peach.  Galleries  about  the  size  of  a  pencil  lead  and  a  little  over  an  inch  long,  with 
sawdust-filled  burrows  radiating  from  them,  in  the  inner  bark  of  the  tree.  Brownish, 
or  brownish-black,  blunt-ended  beetles,  }{q  inch  long,  are  found  boring  the  galleries 
in  the  inner  bark,  or  crawling  over  the  bark  of  the  tree.  Shot-hole  borer  and  peach-tree 
bark  beetle,  page  602. 

B.   Motionless  insects  found  on  the  bark  of  trunk  and  branches,  and  on  leaves: 

1.  Round,  flattened,  grayish  scale  insects,  about  Y\§  inch  across,  closely  adhering  to 
the  bark  of  trees,  often  with  reddened  areas  of  bark  about  the  point  where  the  insects 
are  attached.  Lemon-yellow,  sack-like,  sucking  insects  sheltered  under  the  waxy 
scales.     San  Jose  scale,  page  603. 
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2.  Peach  twigs,  particularly  on  the  undersides,  nearly  covered  with  sharply 
convex,  brownish  Bcales,  ;il)<>ut  !  i  L>  inch  in  diameter,  of  a  general  dark-brown  color, 
with  some  black  lines,  particularly  about  the  margins.  In  Bummer,  fruil  and  leaves  of 
infested  branches  coated  with  honeydew  or  masses  of  sooty,  black  fungus.  Terrapin 
scale,  page  603. 
('.   Insects  thai  attack  the  fruit: 

1.  Crescent-shaped  punctures,  or  slits,  with  a  small  hole  often  cut  at  the  inside  of 
apex  of  the  crescent,  od  the  young  peach  fruit  for  the  first  2  or  3  weeks  after  the 
blooming  period.  Fat-bodied,  brown-headed,  white,  footless  grubs  feeding  in  the 
ilesh  of  the  peach,  causing  Irregular  greenish  areas  on  the  surface  of  1  he  fruit  and  black 
cavities  within  the  fruit.  Many  of  the  grub-infested  fruits  drop  when  less  than  one- 
fourth  grown.  Dark-brown  snout  beetles  about.  \^  inch  long,  with  grayish-white 
patches  on  the  back  of  the  wing  covers,  feeding  and  laying  eggs  on  peach  fruits  for  a 
few  weeks  after  the  fruit  has  set,  and  feeding  again  during  the  latter  part  of  the  .summer. 
Plum  curculio,  page  604. 

2.  Robust,  metallic-green  to  greenish-bronze  beetles,  a  little  larger  than  a  common 
potato  beetle,  feeding  on  the  fruit  of  the  peach.  The  abdomen  of  the  insect  projects 
back  from  the  wing  covers,  and  is  marked  by  two  conspicuous  white  spots.  The 
injured  fruit  appears  to  have  been  gouged  or  partly  peeled;  sometimes  where  the 
beetles  are  numerous,  the  entire  skin  is  eaten  off.     Japanese  beetle,  page  605. 

3.  Large,  somewhat  flattened,  dark-green  beetles  up  to  1  inch  in  length,  with  a 
brownish-yellow  tinge  to  the  wing  covers  and  thorax,  feeding  on  the  fruit  of  the  peach, 
and  also  on  the  foliage,  during  July  and  August.  Fruit  scored  somewhat  as  in  C,  2. 
Beetles  drop  to  the  ground  when  the  trees  are  shaken  in  the  daytime.  Feed  mainly  at 
night.     Green  June  beetle,  page  607. 

4.  Pinkish  to  creamy-white  short-legged  worms,  with  brown  heads,  up  to  %  mc'h 
long,  bore  in  the  fruits  of  the  peach.  Entrance  holes  of  worms  often  through  the 
stem,  not  showing  on  the  outside  of  the  fruit.  Gray  moths  with  chocolate-brown 
markings  on  the  wings,  about  Y±  inch  long,  flying  about  the  trees  at  dusk,  or  resting  on 
the  trunk.     Oriental  fruit  moth,  page  608. 

5.  Tan-colored  moths,  with  a  purplish  tinge  and  a  small,  oval,  dark  spot  near  the 
middle  of  each  front  wing,  distinctly  triangular  in  outline  and  about  %  inch  long,  suck 
the  juice  from  cracks  or  from  small  punctures  that  they  make  in  ripening  fruits. 
Feed  on  peach,  grape,  apple,  and  other  fruits.     Adult  of  cotton  leaf  worm,  page  416. 
D.  Sap-sucking  insects  that  attack  the  leaves  or  twigs: 

1.  Black  shiny  eggs  on  the  tips  of  twigs  and  in  cracks  in  the  bark  of  larger  branches 
of  peach  during  the  winter.  Pale-greenish  or  black  aphids  sucking  the  sap  of  the  newly 
formed  fruit,  leaves,  and  young  twigs.  Leaves  on  infested  trees  curl  and  turn  yellow. 
Insects  sometimes  so  numerous  as  to  cover  completely  the  twigs  and  foliage.  Green 
peach  aphid,  or  black  peach  aphid,  page  610. 

2.  Young  peach  trees  in  the  orchards,  and  particularly  trees  in  the  nursery  row, 
with  the  terminal  growth  and  some  of  the  laterals  dying  back,  but  not  containing 
borers.  ( 'oppery-brown  bugs,  with  oval  bodies,  somewhat  triangular  in  front  and 
about  ]  i  inch  long  by  half  as  wide,  feeding  on  the  terminals,  twigs,  foliage,  and  peach 
fruits.  Body  of  the  bugs  is  somewhat  spotted  and  flecked  with  yellow  and  dark 
brown.      Bugs  fly  readily  when  approached.      Tarnished  plant  bug,  page  611. 

Peach  Tree  Borer1 

Importance  and  Type  of  Injury. — The  most  important  insect  enemy  of 
the  peach  is  the  peach  tree  borer      Nearly  everyone  who  has  tried  to 

1  .Egeria  exiHoea  Say,  Order  Lepidoptera,  Family  ASgeriidss. 
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grow  peaches,  in  cither  a  commercial  orchard,  a  farm  orchard,  or  b  back 
yard,  i8  familiar  with  the  work  of  this  insect.  Masses  of  gum  exude  from 
around  the  base  of  the  trunk  from  about  a  foot  above,  to  2  or  '■'>  inches 
below  the  surface  of  the  soil,  with  bits  of  brownish  frass  or  sawdust, 
mixed  with  the  gum  (Fig.  395).  White  worms  with  brown  heads  will  be 
found  burrowing  in  the  bark  of  the  peach  trunk  from  2  or  3  inches  below 

the  surface  of  the  ground,  to  10  inches 
above.  Deadened  areas  in  the  bark,  where 
these  worms  have  eaten  out  the  living  tissue, 
in  many  cases  causing  the  death  of  the  tree. 
Trees  Attacked. — Peach,  wild  and  cul- 
tivated cherry,  plum,  prune,  nectarine,  apri- 
cot, and  certain  ornamental  shrubs  of  the 
I  genus  Primus. 

Distribution. — All  sections  of  the  United 
States  and  Canada  westward  to  Arizona, 
Utah,  Oregon,  and  British  Columbia. 

Life  History,  Appearance,  and  Habits. — 
This  insect  always  passes  the  winter  in  the 
worm  or  larval  stage.  These  worms  (Fig. 
396)  vary  greatly  in  size,  some  being  over  \^ 
inch  in  length,  while  others  are  very  small,  in 
some  cases  not  over  J6  incn  long.  The 
difference  in  the  size  of  the  worms  comes  from 
the  fact  that  the  eggs  are  laid  over  a  con- 
siderable period  of  time.  In  the  spring  of 
the  year,  the  worm  becomes  active  as  soon 
as  the  soil  is  sufficiently  warm.  The  larger 
ones  will  complete  their  growth  by  the  middle 
or  latter  part  of  May  and  will  be  found  under 
the  bark  close  to  the  ground.  They  are  then 
about  1  inch  in  length,  whitish,  with  a  dark- 
brown  head  and  plate  behind  the  head. 
They  change  in  closely  spun,  silken,  dirt- 
and-gum-covered  cocoons  on  the  surface  of 
their  burrows  or  in  the  soil,  to  the  brown  pupal  stage.  Just  before  the  moth 
emerges,  the  pupa  forces  its  way  out  of  the  cocoon  and  the  empty  pupal 
skin  generally  remains  protruding  from  the  cocoon.  In  the  latitude  of 
southern  Illinois,  the  first  adults  begin  to  appear  in  July  and  emergence 
continues  until  the  latter  part  of  September  or  possibly  in  a  few  cases  into 
October,  the  greatest  number  coming  out  during  August.  The  female 
insect  is  a  blue-black  moth  having  clear  hind  wings,  with  an  orange  cross- 
band  on  the  abdomen  (Fig.  397).  When  in  flight  the  moths  closely  resem- 
ble some  of  the  larger  wasps,  for  which  they  are  frequently  mistaken. 


Fk;.  395. — Work  of  a  single 
peach  tree  borer,  natural  size;  wb, 
burrow  of  borer;  g,  mass  of  gum; 
p,  pupa  projecting  from  its  cocoon 
preceding  emergence  of  moth. 
{Reprinted  from  "  Insect  Pests  of 
Farm,  Garden  and  Orchard,'1  by 
Sanderson  and  Peairs,  published 
by  John  Wiley  &  Sons,  Inc.,  after 
Slingerland.) 
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The  male  has  both  wings  nearly  clear  and  several  narrow  yellow  bands 
across  tin*  abdomen.     The  females  lay  their  eggs  mostly  on  the  trunks  of 

the  trees  or  in  cracks  in  (lie  soil  within  a  few  inches  of  the  trunk.      They 


Fig.  39f>. — Peach  tree  borer  larva,  natural  size  and  three  and  one-half  times  enlarged. 
(Reprinted  from  "Insect  Pests  of  Farm,  Garden,  and  Orchard"  by  Sanderson  and  Peairs, 
published  by  John  Wiley  &  Sons,   Inc.,  after  Slingcrland.) 


L 


Fir,.  397. — Peach  tree  borer,  JEaeria  exitiosa  Say;  adults,  natural  size.  The  ones  at 
center  and  lower  left  are  males,  the  other  two  females.  Natural  size.  {From  Sanderson 
and  Jackson,  "  Elementary  Entomology,'"  after  Slingcrland.) 

are  seemingly  attracted  to  trees  which  previously  have  been  infested  by 
the  borer,  or  to  those  to  which  some  mechanical  injury  has  occurred 
Upon  hatching  from  the  eggs,  the  worms  work  their  way  into  the  hark  of 
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the  tree  and  feed  during  the  late  summer  or  early  fall  in  the  outer  layi 
of  the  bark,  penetral  ing  deeper  into  the  bark  as  they  become  larger.     Where 
the  eggs  are  laid  over  a  period  of  several  months,  it  Is  easy  to  understand 
the  greal  variation  in  the  size  of  the  larva'  found  in  the  bark  in  the  fall. 
There  is,  as  a  rule,  one  generation  each  year. 

Control  Measures. — While  this  insect,  if  not  combatted,  is  almost  sure 
to  kill  peach  trees  within  a  few  seasons,  we  are  fortunate  in  having  a 
control  measure  which,  if  properly  applied,  is  nearly  100  per  cent  effective. 
This  control  method  consists  of  placing  a  small  amount  of  the  crystals  of 
paradichlorobenzene,  generally  called  "P.D.B."  ("painless  death  to 
borers"),  on  the  surface  of  the  soil  around  the  trunk  of  the  tree  during 
the  fall  (Fig.  398).  This  method,  which  has  come  into  general  use  since 
about  1920,  is  now  practiced  in  most  of  the  commercial  peach  orchards 
in  the  United  States.  The  amount  of  P.D.B.  to  be  applied  will  vary  with 
the  size  of  the  tree.     The  following  rules  should  be  strictly  observed  in 


Fig.  398. — A  ring  of  paradichlorobenzene  properly  placed  about  the  trunk  of  a  peach 
tree  to  kill  peach  tree  borers.  The  ground  has  been  cleared  of  trash  before  applying  the 
chemical.  Soil  will  be  placed  over  the  ring  to  confine  the  fumes.  (From  III.  State  Nat. 
Hint.  Sur.) 

using  this  chemical.  For  trees  under  3  years  of  age,  use  }^  ounce  per  tree, 
for  trees  from  3  to  6  years  old,  %  ounce,  and  for  older  trees  from  1  to  \x/i 
ounces,  depending  on  the  diameter  of  the  trunk  at  the  surface  of  the 
ground.  Apply  the  crystals  in  a  ring  completely  encircling  the  trunk,  not 
closer  to  the  bark  than  1  inch,  nor  at  a  greater  distance  than  3  inches. 
Cover  the  crystals  with  several  shovelfuls  of  earth  to  confine  the  P.D.B. 
gas.  Do  not  apply  the  treatment  during  the  summer,  as  the  borers  are 
not  then  in  the  tree;  nor  in  the  late  fall,  when  the  soil  temperature  is 
likely  to  be  below  60°  F.  for  the  first  2  weeks  after  the  material  is  applied. 
The  crystals  applied  in  warm  soil  quickly  volatilize  into  a  heavy  gas 
which  penetrates  through  the  soil  crevices  and  into  the  burrows  of  the 
borers  and  kills  them.  The  best  dates  for  applying  paradichlorobenzene 
can  be  obtained  from  entomologists  of  the  state  experiment  stations. 
In  the  latitude  of  southern  Georgia  the  best  dates  for  making  these 
applications  will  usually  be  between  Oct.  15  and  Oct.  20;  in  central 
Georgia,  between  Oct.  10  and  Oct.  15;  in  northern  Georgia,  between  Sept. 
25  and  Oct.  5;  in  the  latitude  of  southern  New  Jersey,  Oct.  1  to  Oct.  10; 
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m  northern  New  Jersey.  Sept.  20  to  Oct.  l;  in  southern  Illinois,  Sept.  25 

to  Oct.  2;  and  in  northern  Illinois,  Sep).  20  to  <  >ct .  20. 

Sprint;  i  real  ments  are  not  recommended,  ;ilt  hough  if  no  t  rent  mcnl  has 
been  given  in  t  he  full,  it  is  in  some  cases  advisable  to  apply  t  he  material  in 
the  spring.  The  treatment  will  not  he  effective  if  given  before  the  soil 
temperature  has  reached  an  average  of  about  60°  F.j  by  this  lime  the 
young  borers  have  been  actively  at  work  in  the  bark  for  several  weeks, 
and  will  have  caused  very  serious  damage.  In  the  East  and  South, 
there  has  been  some  injury  from  this  treatment  applied  to  young  trees, 
and  there  it  is  recommended  that  the  soil  be  removed  from  around  the 
tree  about  (>  weeks  after  treatment.  In  any  case,  the  mounds  of  earth 
should  be  leveled  before  July  in  order  not  to  force  the  moths  to  lay  their 
eggs  high  up  on  the  trunk. 

The  borers  may  be  dug  out  by  the  use  of  a  sharp  knife,  or  probed  out 
with  a  flexible  wire,  first  removing  the  soil  from  around  the  base  of  the 
tree,  to  a  depth  of  about  3  inches.     This  method  is  slow  and  laborious 
and  it  is  not  possible  in  most  cases  to  get  all  the  borers. 

References.— N.  J.  Agr.  Exp.  Sta.  Bull.  391,  1922;  U.  S.  Dept.  Agr.  Dept.  Bulls.  796, 
1919,  and  1169,  1923;  Ohio  Agr.  Exp.  Sta.  Bull.  329,  1928;  U.  S.  Dept.  Agr.  Tech. 
Bull.,  58,  1928. 

Lesser  Peach  Tree  Borer1 

Importance  and  Type  of  Injury. — Masses  of  gum  exude  from  the  trunk 
and  branches  of  the  peach  tree  where  injury  has  occurred.  Frequently 
these  masses  of  exuding  gum  will  be  found  in  the  forks,  especially  where 
the  forks  have  split,  and  around  wounds  in  the  bark  (Fig.  399).  White 
worms  with  brown  heads  will  be  found  working  in  the  inner  bark.  Bits  of 
brownish  castings  and  sawdust-like  material  are  mixed  with  the  masses  of 
gum.  The  larvae  very  closely  resemble  those  of  the  peach  tree  borer, 
but  their  attacks  may  usually  be  distinguished  in  the  orchard  by  the 
fact  that  they  attack  the  upper  part  of  the  trunk  and  the  larger  branches. 

Trees  Attacked. — Peach,  plum,  cherry,  wild  plum,  wild  cherry,  June- 
berry,  and  possibly  some  others. 

Distribution. — Peach-growing  sections  of  the  United  States,  except 
the  western  states;  most  abundant  in  the  South. 

Life  History,  Appearance,  and  Habits. — The  lesser  peach  tree  borer 
passes  the  winter  in  the  inner  bark  of  the  peach  tree  in  the  form  of  partly 
grown  larvae.  These  larvae  vary  in  size  from  l/±  inch  to  nearly  1  inch  in 
length.  They  start  to  feed  very  early  in  the  spring,  the  larger  individuals 
completing  their  growth  by  late  April  and  the  smaller  ones  by  the  last  of 
June.  They  pupate  in  cocoons  inside  the  burrows,  but  always  come  close 
to  the  surface  of  the  bark,  leaving  the  exit  of  the  burrow  covered  by  a  thin 
silken  web.  .lust  before  the  moths  emerge,  the  pupffi  push  themselves 
-  rnanihedan  pictipes  Grote  and  Robinson,  Order  Lepidoptera,  Family  /Egeriids. 
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out  of  the  cocoon  and  partly  out  of  their  burrows.  Emergence  of  the 
moths  takes  place  during  May  and  June.      The  moths  arc  clear- winged, 

of  a  metallic,  blue-black  color  with  pale-yellow  markings  on  the  abdomen. 

They  arc  extremely  active  and  dart  about  with  greal  rapidity.  Their 
general  appearance  is  much  like  thai  of  some  of  the  Larger  wasps.     The 

female  lays  her  eggs  in  cracks  and  crevices  in  the  bark,  usually  around  the 
crotch  of  the  tree,  or  wounds  in  the  bark.  The  eggs  hatch  in  about  10 
days  after  they  are  deposited,  and  the  larvae  work  their  way  into  the  bark. 
A  partial  second  generation  occurs  over  most  of  the  north  central  states 
and  probably  nearly  a  full  second  generation  in  the  South. 


Fig.  399. — Work  of  the  lessor  peach  tree  borer,  Synanthedon  pictipes  Grote  and  Robinson. 

(From  Ohio  Agr.  Exp.  Sta.  Bull.  307.) 


Control  Measures. — A  very  large  number  of  sprays,  paints,  and  washes 
have  been  tried  in  an  attempt  to  control  this  insect,  or  to  repel  the 
females  so  that  they  would  not  deposit  their  eggs  on  the  bark.  None  of 
these  have  given  sufficient  protection  to  warrant  the  expense  of  using 
them.  Paradichlorobenzene  cannot  be  successfully  used  against  this 
species  because  it  attacks  the  tree  above  the  level  of  the  soil. 

The  lesser  peach  tree  borer  is  of  little  importance  in  well-sprayed, 
cultivated,  and  properly  fertilized  orchards.  The  best  method  of  con- 
trolling this  insect  is  to  keep  the  trees  in  a  vigorous,  healthy  condition, 
and  avoid,  so  far  as  possible,  injuries  to  the  bark  and  crotches  of  the  tree. 
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The  worms  may  Ix*  <lu^  ou!  by  band,  :»s  recommended  under  t  he*  peach 
t  ree  borer. 

Reference.     Ohio  Agr.  Exp.  Sta.  Bull.  307,  I'll 7. 

Peach  Twig  Bober1 

Importance  <in<l  Type  of  Injury. — In  unsprayed  or  neglected  orchards,  the  peach 
twig  borer  ia  of  considerable  importance.  Small  brown  worms  may  ho  found  working 
inside  the  twigs  and  new  growth,  and  occasionally  in  the  fruits.  The  twigs  die  hack 
and  small  masses  of  gum  exude  from  them. 

Trees  Attacked.-    Peach,  plum,  and  apricot. 

Distribution.. — General  in  peach-growing  sections,  most  serious  on  the  Pacific 
Coast. 


Fig.  400. — The  peach  twig  borer,  Anarsia  lineatella  Zeller.  a,  b,  c,  d,  larva  and  its 
winter  nests;  e,  f,  pupa  with  detail  of  posterior  end;  g,  new  shoot  of  peach  withering  from 
attack  of  larva*;  h,  larva  enlarged;  i,  adult  moths;  j,  egg  greatly  enlarged;  k,  larva,  side 
view  and  details  of  structure.  The  lines  show  natural  size.  (From  U.  S.  D.  A.  Bur.  of 
Entoin.  Bull.  10,  n.s.) 

Life  History,  Appearance,  and  Habits. — This  insect  passes  the  winter  as  a  partly 
grown,  brown  caterpillar,  with  a  black  head,  from  %  to  ^6  inch  in  length,  hidden  in  a 
silken  cocoon  closely  attached  to  the  hark  of  trunk  and  branches  (Fig.  400,  a,  6,  c). 
About  the  time  the  peach  leaves  appear,  the  larvae  leave  their  winter  nests  and  start 
boring  in  the  ends  of  the  tender  new  growth,  causing  a  wilting  and  dying  back  of  the 
twigs  (g)  in  which  they  are  working.  A  larva  may  feed  in  more  than  one  twig  before 
it  completes  its  growth.  Upon  becoming  full-grown,  the  larva'  are  about  '2  inch  in 
length.  They  then  spin  cocoons  on  the  Larger  branches  or  trunk.  Here  they  change 
into  small  moths,  gray  in  color,  with  a  wing-spread  of  about  '  .<  to  '  L>  inch  (/).  The 
moths  mate,  and  the  female  lays  her  eggs  on  the  twigs.      Another  generation  of  the 

1  Anarsia  lineatella  Zeller,  Order  Lepidoptera,  Family  Geleehiida). 
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worms  .soon  batches  and  feeds  io  the  nine  manner  u  those  which  have  gone  through 
the  winter.  There  are  probably  from  one  to  four  generations  of  the  insect  in  the 
United  States  each  season,  the  larger  Dumber  occurring  in  the  South. 

Control  Measures. — Damage  by  this  insect  is  confined,  as  previously  stated,  largely 
to  unsprayed  orchards.     The  mosl  effective  control  measure  in  the  central  states 

is  a  dormant  spr:i\  with  lime-sulfur  or  oil  emulsion,  such  as  is  used  for  controlling  the 
San  Jose  scale.      This  spray  kills  the  overwintering  larva'  in  their  cocoons.      Where 

such  treatments  are  regularly  given  practically  no  damage  from  the  peach  twig  borer 

occurs.  In  some  of  the  western  states  it  has  been  found  that  the  addition  of  3  pounds 
of  arsenate  of  lead  to  50  gallons  of  lime-sulfur,  1  to  10,  applied  as  near  the  pink  stage 
of  the  buds  as  possible,  gives  good  control. 

References. — Jour.  Econ.  Entomol.,  Vol.  15,  p.  395,  1922;  Colo.  Agr.  Exp.  Sta.  Bull. 
119,  1907;  Calif.  Agr.  Exp.  Sta.  Bull.  355,  1923. 

Shot-hole  Borer1  and  Peach-tree  Bark  Beetle2 

Importana  and  Type  of  Injury. — These  two  important  species  of  bark 
beetles  attack  the  trunk  and  branches  of  the  peach.  They  are  so  similar 
in  their  habits  that  a  separate  description  will  not  be  given.  The  shot- 
hole  borer,  or  fruit-tree  bark  beetle,  is  further  discussed  on  pages  530  and 
670.  Small  beads  of  gum  will  be  found  exuding  from  points  on  the  bark 
of  the  trunk  and  branches  of  the  peach;  also  small  holes  in  the  bark,  about 
the  size  of  a  No.  6  shot.  Galleries  of  borers  are  found  in  the  inner  bark 
radiating  from  a  main  or  parent  gallery  and  terminating  in  small  round 
exit  holes  through  the  bark. 

Trees  Attacked. — The  shot-hole  borer  attacks  peach,  cherry,  plum, 
apple,  and  other  fruit  and  shade  trees.  The  peach-tree  bark  beetle 
attacks  cherry,  and  other  stone  fruits,  but  not  the  pome  fruits. 

Distribution. — The  peach-tree  bark  beetle  is  most  abundant  in  the 
eastern  half  of  the  United  States.  The  shot-hole  borer  occurs  throughout 
the  country. 

Life  History,  Appearance,  and  Habits. — These  insects  are  small,  brown- 
ish or  blackish  beetles  about  ^io  mcn  or  less  in  length.  The  peach-tree 
bark  beetle  winters  in  the  adult  stage,  either  in  its  pupal  cells  in  dead  or 
dying  wood  or  in  special  hibernating  cells  cut  in  the  bark  of  healthy  trees. 
The  shot-hole  borer  passes  the  winter  in  the  form  of  a  small,  pinkish-white 
legless  grub  in  the  inner  bark  of  the  tree.  These  grubs  transform  to 
beetles  in  their  burrows  and  emerge  in  the  late  spring.  Both  species  are 
good  fliers,  and  are  seemingly  attracted  to  trees  that  are  in  a  poor  condi- 
tion or  those  having  dying  branches.  The  parent  beetles  excavate  a 
burrow  in  the  inner  bark  of  such  trees,  and  along  the  sides  of  this  the 
female  lays  her  eggs.  The  parent  gallery  of  the  shot-hole  borer  (Fig.  340) 
generally  runs  the  long  way  of  the  branch.  That  of  the  peach-tree  bark 
beetle  (Fig.  401)  generally  runs  crosswise  and  forks  to  form  a  "Y"  at  one 
end  of  the  gallery.     The  grubs  hatching  from  these  eggs  work  out  through 

1  Scolytus  rugulosis  Ratzeburg,  Order  Coleoptera,  Family  Scolytidae. 
-  PhthorophlcBUS  liminaris  (Harris),  Order  Coleoptera,  Family  Scolytidic. 
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the  inner  hark  for  B  distance  of  k2  to  ;i  inches,  grad 

burrows  as  they  g<>.     The  Larval  burrows  of  the  p< 

follow  mostly  the  grain  of  the  wood,  while  the 
larval  burrows  of  the  shot-hole  borer  run 
chiefly  across  the  grain.  Upon  becoming  full- 
grown,    they  change  to  beetles  and  emerge 

through  small  holes  which  they  cut  in  the  hark. 
There  are  at  least  two  generations  of  these 
insects  in  the  latitude  of  central  Illinois,  and 
a  partial  third  farther  south. 

('<>/<!fol  M((isures. — As  the  insects  are 
at  t  racted  mainly  to  unhealthy  or  injured  trees, 
t  he  best  control  measure  is  to  keep  the  trees  in 
a  vigorous  condition  during  the  summer,  either 
by  cultivation,  or  by  fertilizing  with  nitro- 
genous fertilizers.  All  peach  prunings  and 
dying  or  diseased  trees  in  or  around  the 
orchard  should  be  removed  and  burned  during 
the  winter.  There  is  no  method  of  spraying 
which  has  been  found  effective  for  these  in- 
sects which  will  not  also  injure  the  tree. 

References. — U.  S.  Dept.  Agr.  Farmers'  Bull.  763, 
1916;  Ohio  Agr.  Exp.  Sta.  Bull.  264,  1913. 


San  Jos£  Scale 

The  San  Jose  scale  is  fully  as  serious  a  pest 
of  the  peach  as  of  the  apple.  The  life  history 
of  this  insect  on  the  peach  is  practically  the 
same  as  on  the  apple  and  the  control  measures 
arc  the  same  (see  p.  542).  Oil  sprays  should 
be  used  with  caution  on  peach  during  the 
active  growing  season. 


Terrapin  Scale1' 

Fig.     401.— Work    of    the 
Importance  and  Type  of  Injury. — During  the  winter     peach-tree  bark  beetle,  Phthoro- 

the  undersides  of  peach  twigs  are  sometimes  found     pWa?"    Urinaria    (Harris),   in 
,  ,     .,,     .  .  ,  ill  wood    of    peach    tree,    showing 

nearlycoveredwithshinyconvex,browmshscalcsabout     parent  gaUerie8,  larval  galleries 
1  |  •_,  inch  in  diameter  (Fig.  403).      In  the  summer,  the     and   exit   holes.      (From    U.    S. 
fruit  will  be  covered  with  masses  of  honeydew  on  which     D.  A.  Farmers1  Bull.  763.) 
I  Booty  Mad;  fungus  grows. 

Plants  Attacked.  —  All  the  common  fruits,  and  many  shade  trees  and  shrubs. 

Distribution. — Eastern  and  southern  United  Slab 

l/iji   History i  Appearance,  and  Habits. — The  scale  passes  the  winter  as  fertilized 
females  closely  adhering  to  the  bark  of  the  twigs  (Fig.  402).     These  vary  somewhat  in 

1  Eulecani urn  nigrvfasciatum  Pergande,  Order  Homoptera,  Family  Coccida?. 
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color  but  niv  of  a  gem 


Fig.  402. — Mature 
female  of  the  terrapin 
scale,  E  ulecani  um 
nig  r  ofasciat  um  Per- 
gande;  (a)  ventral,  (b) 
dorsal  and  (c)  lateral 
views.  About  eight 
times  natural  size. 
(From  U.  S.D.A.  Dept. 
Bull.  351.) 


ml  dark  brown,  with  Borne  black  Lines  about  t he  margin  i of  1  be 
scale.  The  scale  margins  ore  also  generally  somewhat  crinkled. 
They  resume  feeding  early  in  the  spring  and  by  the  lasl  of  M 

or  early  .June  tin-  female,  which  is  then  about,  '7  inch  in  dia- 
meter, begins  giving  birth  to  living  young.  These  accumulate 
in  a  domeshaped  cavity  underneath  her  body,  and  a  day  or  two 
after  birth  the  tiny  nymphs,  which  are  oval,  white  and  with 
well-developed  legs  and  antenna),  crawl  from  under  the  dead 
female's  body  and  out  to  the  undersides  of  the  leaves.  Here 
they  insert  their  beaks  along  the  larger  veins  and  feed  by  suck- 
ing the  sap.  After  about  a  month  on  the  leaves,  the  females 
migrate  back  to  the  twigs,  and  a  week  or  two  later  the  winged 
males  find  them  and  mating  occurs.  The  males  die  in  midsum- 
mer, but  the  females  continue  to  feed  until  cold  weather, 
hibernate  through  the  winter,  feed  again  in  spring  as  stated 
above,  and  finally  die  during  the  following  summer.  There 
is  but  one  generation  a  year. 

Control  Measures. — This  scale  cannot  be  satisfactorily 
controlled  by  applications  of  lime-sulfur.  Control  has  been 
obtained  from  a  2  per  cent  lubricating-oil  emulsion;  or  the 
commercial  miscible  oils  or  oil  emulsions,  used  at  the  strengths 
recommended  by  the  manufacturers  for  the  control  of  San 
Jose  scale. 

Reference.— U.  S.  Dept.  Agr.  Dept.  Bull.  351,  1916. 

Plum  Curculio1 

The  plum  curculio,  which  has  been  described 
under  apple  insects  (see  p.  577),  is  one  of  the  most 
serious  insect  pests  of  the  fruit  of  the  peach.  The 
adults  damage  the  fruits  by  their  feeding  and  egg- 
laying  punctures  and  the  larvae  tunnel  through  the 
fruit,  feeding  on  the  pulp.     Infested  fruits  generally 


Fio.  403. — Terrapin  scale  on  peach  twigs  during  winter,  about  natural  size.      {From  U.  S. 

D.  A.  Dept.  Bull.  351.) 


drop.     The  plum  curculio  is  also  one  of  the  main  agencies  in  spreading 
the  brown  rot  of  the  peach. 

1  Conotrachelus  nenuphar  (Herbst),  Order  Coleoptera,  Family  Curculionidse. 
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Control.    The  method  of  control  is,  in  general,  the  same  as  that  given 

for  the  insect  <>n  the  apple.  In  peach  orchards  which  have  been  badly 
infested,  il    is  often  advisable  to  gather  the  peach  "drops"  during  May 

and  the  first  part  of  June.  The  orchard  should  be  gone  over  every 
few  days,  if  possible,  and  tin1  dropped  peaches  gathered  and  burned  or 
buried  to  a  depth  of  at  least  2  feet.     For  the  control  of  this  insect, 

general  orchard  sanitation  is  as  important  in  poach  orchards  as  in  apple 
orchards.  It  is  also  important  that  the  orchard  be  kept  well  cultivated 
during  the  late  spring  and  early  summer,  to  destroy  the  larvae  and  pupae 
of  the  curculio  in  their  cells  in  the  earth. 

The  peach  tree  is  more  sensitive  to  arsenical  injury  than  apple,  and 
care  must  be  used  in  applying  these  poisons.  The  first  spray  should  be 
given  about  10  days  after  the  peach  has  bloomed,  or  as  soon  as  the 
brown  skin  or  shuck  is  pushed  off  by  the  forming  fruit.  Powdered 
arsenate  of  load  1  pound,  and  2  pounds  of  fresh  hydrated  lime  should 
be  used  to  each  50  gallons  of  spray  material.  The  second  spray  should 
be  given  3  weeks  later.  A  third  and  fourth  spray  are  usually  necessary 
on  the  later  maturing  varieties.  The  last  spray  for  curculio  should  be 
applied  about  a  month  before  the  fruit  is  ripe.  In  badly  infested  peach 
orchards,  it  may  be  of  advantage  to  apply  an  additional  spray  imme- 
diately after  the  fall  of  the  petals,  but  this  is  not  generally  recommended. 
Recent  experiments  have  shown  that  the  curculio  may  be  controlled  by 
dusting,  using  a  dust  consisting  of  10  pounds  of  arsenate  of  lead,  10  to 
20  pounds  of  hydrated  lime,  and  70  to  80  pounds  of  dusting  sulfur.  The 
applications  should  be  made  at  the  same  time  as  recommended  for 
sprays,  with  possibly  one  or  two  additional  applications.  The  airplane 
is  being  used  to  apply  the  dusts  in  sections  where  there  are  many  large 
peach  orchards.     (See  Fig.  185.) 

Japanese  Beetle1 

Importance  and  Type  of  Injury. — Metallic  green  or  greenish-bronze 
beetles,  a  little  larger  than  the  common  potato  beetle,  with  two  promi- 
nent, and  several  smaller,  white  spots  near  the  tip  of  the  abdomen,  feed 
on  the  surface  of  the  fruit  and  leaves  of  the  peach.  The  fruit  may  be 
partly  peeled  and  gouged  in  irregular  shallow  patches,  or  nearly  devoured. 
The  leaves  are  skeletonized  on  many  trees  and  plants.  Grass  is  some- 
times killed  by  the  feeding  of  the  larvae  on  the  roots.  Where  the  beetle 
has  become  established  in  the  eastern  United  States,  it  is  so  abundant 
as  to  cause  serious  injury  to  tree  fruits  and  also  to  many  field  crops  and 
some  truck  crops  on  which  it  feeds. 

Plants  Attacked. — The  adult  beetles  feed  on  the  foliage  of  many 
plants,  including  most  fruits  and  vegetables,  and  also  on  the  fruits  of 
plum,  apple,  peach,  pear,  and. other  trees.     Smart  weed  is  a  favorite  food. 

1  PopiUia  japonica  Newman,  Order  Colcoptcra,  Family  Searalnrichr  . 
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Distribution.  —This  insect  is  well  established  in  a  large  area  in  tin- 
eastern  United  States,  including  parts  of  the  states  of  Pennsylvania.  New 
Jersey,  Delaware,  New  York,  Connecticut,  Maryland,  and  the  District 
of  Columbia,  and  it  is  spreading  rapidly.  The  insect  was  imported 
into  New  Jersey  from  Japan,  on  the  roots  of  nursery  stock,  about  191 6. 

Life  History,  Appearance,  and  11 Obits. — The  winter  is  passed  as  a 
grub  about  ^  inch  long,  buried  in  the  soil  (Fig.  404).  Growth  is  com- 
pleted during  June,  and  the  adults  emerge  in  greatest  numbers  in  July. 
The  female  beetles  lay  their  eggs  in  the  soil,  the  grubs  feeding  mainly 
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Fig.  404. — Diagram  of  the  life  cycle  of  the  Japanese  beetle,  Popillia  jnponica  Newman. 

{From  Perm.  Dept.  Agr.  Bull.  390.) 


on  decaying  vegetation,  but  to  some  extent  on  the  living  roots  of  grasses 
and  other  plants.  They  frequently  cause  serious  damage  to  lawns  and 
golf  greens.  The  grub  resembles  the  common  white  grub,  but  is  smaller, 
and  has  some  structural  differences  on  the  body.  There  is  one  generation 
of  the  insect  each  year.     The  nature  of  the  life  cycle  is  shown  by  Fig.  404. 

Control  Measures. — Spraying  with  arsenicals  as  recommended  for 
the  codling  moth  will,  to  a  large  measure,  protect  fruit  from  injury  by 
these  insects,  not  by  poisoning  the  beetles,  but  by  preventing  their 
feeding  on  the  fruit,  as  they  are  strongly  repelled  by  such  sprays. 

An  emulsion  of  oleoresin  of  pyrethrum  flowers  and  sodium  oleate 
has  been  found  very  effective  as  a  contact  spray  against  the  beetle.     Oil 
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of  geranium  is  very  attractive  to  the  beetles  ;m<l  they  may  be  killed  by 
the  above  contact  Bpray  when  concentrated  on  plants  sprayed  with  this 
chemical.  The  larva  may  be  killed  by  drenching  the  sod  of  lawns  and 
golf  courses  with  carbon  bisulfide  emulsion. 

References.  -X.J.  Dept.  Agr.  Bur.  Statistics  and  Inspection,  ('ire  80,  1920  and  16, 
1922;  Pa.  Dept  Agr.  Hull.  390  (Vol.  7,  No.  11),  Juno,  1924;  C.  8.  Dept.  Agr.  Dept. 
Hull.  1164,  1923;  Jour.  Earn.  Entomol,  Vol.  19,  pp.  786-790,  1920. 

Green  June  Beetle1 

Importance  and  Type  of  Injury. — Largo,  somewhat  flattened,  green 
beetles,  with  the  margins  of  the  body  bronze  to  yellow,  nearly  1  inch  long 
and  half  as  broad  (Fig.  405),  feed  on  the  foliage  of  the  peach  and  also  on 

the   fruit  just  before  ripening.     Thick- 
bodied,  dirty-white  grubs,  always  crawl- 

V^^       V~)Sfcr""'  J        ]n"  on   ' '"''''  Dacks   (Fig.   405),   feed  on 

^--^  K^  -^  grass  roots  and  decaying  vegetation  in 

the  soil. 

Plants  Attacked. — The  adult  beetles 


a  b 

Fig.  405. — Left,  adult  of  green  June  beetle,  Cotinus  nitida  (Linne).  Right,  full  grown 
larva  of  green  June  beetle  in  natural  position  when  crawling  on  its  back.  Twice  natural 
size.      (From  U.  S.  D.  A.  Dept.  Bull.  891.) 

feed  on  the  foliage  of  a  number  of  different  trees  and  plants;  also  occasion- 
ally attacking  ears  of  corn  and  fruits  and  vegetables  of  the  garden.  The 
larvae  also  do  considerable  injury  to  the  roots  of  grasses  in  lawns  and 
golf  courses  and  to  a  number  of  vegetables  and  ornamental  plants  and  in 
the  tobacco  seed  beds. 

Distribution. — This  insect  is  confined  to  the  southern  United  States, 
extending  north  into  Long  Island  and  southern  Illinois. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  as  a  grub 
deep  in  the  soil.  In  the  spring,  the  grubs  burrow  close  to  the  surface  and 
feed  mainly  on  decaying  vegetable  matter.  After  a  heavy  rain,  they 
occasionally  come  out  of  the  soil  and  crawl  on  the  surface  of  the  ground. 
When  so  crawling,  they  generally  lie  on  their  backs  and  work  themselves 
forward  by  a  peculiar  movement  of  the  body  ridges.  The  grubs  become 
full-grown  by  midspring,  change  in  an  earthen  cell  in  the  ground  to  the 

1  Cotinis  nitida  (Linne),  Order  Coleoptera,  Family  Scarabseidte. 
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pupal  Btage,  and  emerge  as  beetles  and  feed  on  the  foliage  of  trees  during 
July  and  August .     Their  eggs  are  laid  in  sod  rich  wit  h  decaying  vegetable 

matter,    on    which    the    grubfl    feed    until    cold    weather.      There    is    one 
generation  each  year. 

Control  Measures. — There  is  no  satisfactory  control  for  this  insect. 
It  does  not  feed  on  peach  fruits  until  just  about  the  time  for  picking,  so  it 
is  not  possible  to  apply  an  arsenical  spray.  About  the  only  thing  that 
can  be  done  is  to  jar  the  trees  when  the  beetles  are  feeding,  or  hand  pick 
them  from  the  fruit.  Manure  piles  in  the  vicinity  of  orchards  may  act 
as  breeding  places  for  the  beetles  and  so  increase  their 
numbers  in  the  orchards.  "V"-shaped  troughs  or 
flower  pots  sunk  in  the  ground  have  proved  very 
effective  in  trapping  the  larvae.  In  tobacco  seed  beds 
they  have  been  controlled  by  spreading  poison-bran 
bait  (see  p.  238),  at  the  rate  of  1  pound  to  each  10 
square  yards. 

References.— N.  C.  Agr.  Exp.  Sta.   Bull.  212,    1921;    U.  S. 
Dept.  Agr.  Dept.  Bull.  891,  1922. 

Oriental  Fruit  Moth1 

Importance  and  Type  of  Injury. — The  earliest 
indication  of  injury  by  this  insect  is  similar  to  that  of 
the  peach  twig  borer  and  consists  of  a  dying  back  of 
the  new  growth  of  twigs  in  the  spring  (Fig.  407). 
The  worms  found  burrowing  in  the  twigs,  however, 
are  not  brown  like  the  peach  twig  borer,  but  pinkish  or 
creamy-white,  with  brown  heads.  The  fruit  shows 
injury  similar  to  that  of  the  codling  moth.  A  pinkish- 
white,  short-legged  larva,  Y  inch  long,  with  a  comb-shaped  plate  on  the 
last  segment  of  the  body,  may  be  found  inside  the  fruit  (Fig.  408).  In 
many  cases,  the  fruit  will  not  show  any  blemish  through  the  skin,  the 
young  worms  having  entered  through  the  stem.  The  fruit  may  look 
perfect  at  the  time  of  picking,  but  breaks  down  shortly  after  packing 
and  shows  numerous  feeding  burrows  of  the  larvae. 

Trees  Attacked. — Peach,  quince,  apple,  pear,  apricot,  plum,  and  several 
other  fruits. 

Distribution. — The  oriental  fruit  moth  is  an  imported  insect,  having 
been  brought  in  from  the  orient  previous  to  1915.  It  is  now  well  estab- 
lished over  the  eastern  United  States  in  areas  where  peaches  are  grown. 
Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
form  of  a  full-grown  larva  about  Yi  inch  in  length,  closely  resembling  the 
codling  moth.     The  larva?  enclose  themselves  in  silken  cocoons  which 

1  Laspeyresia  molesta  Busck,  Order  Lepidoptera,  Family  OlothreutidsR. 


Fig.  40G.— Adult 
of  the  oriental  fruit 
moth,  Laspeyresia 
molesta  Busck;  rest- 
ing on  leaf.  Four 
times  natural  size. 
(From  Purdue  Ayr. 
Exp.  Sta.  Circ.  122.) 
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they  spin  on  the  bark  of  the  trunk  or  in  many  cases  in  rubbish  on  the 
ground  around  the  pencil  orchard.  In  the  spring,  the  insect  changes  to 
the  pupal,  and  then  to  the  moth,  Btage.  The  mollis  (Fig.  406)  are  gray, 
with  chocolate-brown  markings  on  the  wings,  and  quite  closely  resemble 

tin1  codling  moth,  bul  are  somewhat  smaller  in  size,  being  about  '  i  inch 
long.  The  females  lay  their  eggs  on  the  leaves,  and,  in  some  cases,  on 
the  twigs.     The  first-generation  worms,  upon  hatching,  bore  in  the  tender 
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Fig.  407. — Typical  injury  to  peach  twigs  by  larva)  of  the  oriental  fruit  moth.  L(ft, 
curly  summer  injury,  right,  a  type  of  injury,  consisting  of  a  mass  of  gum,  leaves,  and  frass, 
found  in  fall  and  winter.      (From  Purdue  Agr.  Exp.  Sta.  Circ.  122.) 


twigs,  and  upon  becoming  full-grown  spin  cocoons  in  which  they  trans- 
form to  moths.  There  are  from  one  to  seven  generations  of  the  insect 
each  year.  The  later  generations  attack  the  fruit  in  much  the  same  man- 
ner as  the  codling  moth  attacks  the  apple,  except  for  the  fact  that  the 
larvae  do  practically  no  external  feeding  upon  the  leaves,  and  in  working 
their  way  through  the  skin  of  the  peach  apparently  swallow  little  or  none 
of  the  particles  which  they  bite  off.  As  already  mentioned,  many  of  the 
larvae  enter  the  fruit  through  the  stems.  These  feeding  habits  prevent 
the  effective  use  of  poison  sprays  for  the  control  of  this  insect. 

Control  Measures. — Up  to  the  present  time,  no  really  effective  control 
measure   has   been  found.     Early-maturing  varieties  an4   less  seriously 
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damaged,   and   may   escape  serious   injury   even    where   the   insect    is 
abundant . 

The  application  of  paradichlorobenzene,  as  used  for  the  control  of  the 
peach  tree  borer  (see  p.  598)  will  kill  the  overwintering  larvae  near 
the  base  of  the  trunk.    Cultivating  the  soil  of  infested  orchards,  1  to  •") 


Fig.  408. — Peach  injured  by  oriental  fruit  moth,  showing  Larva  and  result  of  its  feeding. 
About  natural  size.      (From  Purdue  Ayr.  Exp.  Sta.  Circ.  122.) 

weeks  before  blooming  time,  will  kill  many  of  the  overwintering  larva?  in 
the  soil. 

References.— V a.  Agr.  Exp.  Sta.  Tech.  Bull.  21,  1921;  Pa.  Dept.  Agr.  Bull,  Vol.  8, 
No.  9,  June,  1925;  Purdue  Agr.  Exp.  Sta.  Circ.  122,  1925.  Ohio  Agr.  Exp.  Sta. 
Bimonthly  Bull.  Mch.-Apr.,  1928. 

Green  Peach  Aphid1 

Importance  and  Type  of  Injury. — Greenish  aphids  or  plant  lice,  sucking  the  sap 
from  the  new  fruits  and  twigs  of  peach  and  a  number  of  other  trees  and  herbaceous 
plants. 

Plants  Attacked. — The  food  plants  of  this  insect  include  peach,  plum,  apricot, 
cherry,  many  ornamental  shrubs,  and  garden  and  flowering  plants  (see  also  page  512). 

Distribution. — This  insect  is  a  native  of  Europe  but  is  now  generally  distributed 
over  North  America. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the  form  of  black 
shining  eggs  on  the  bark  of  the  peach,  plum,  apricot,  and  cherry.  The  young  aphids, 
which  are  pale  yellowish-green  in  color,  with  three  dark  lines  on  the  back  of  the 
abdomen,  begin  to  hatch  about  the  time  the  peach  blooms.  On  becoming  full-grown, 
they  begin  giving  birth  to  living  young,  generally  remaining  on  the  peach  for  two  or 
three  generations,  after  which  most  of  the  individuals  acquire  wings  and  migrate 
to  garden  plants  in  late  spring.  On  the  approach  of  cold  weather  in  the  fall,  the 
females  fly  to  the  peach,  where  they  give  birth  to  the  true  sexual  females.     These  mate 

1  Myzus  persicoz  (Sulzer),  Order  Homoptera,  Family  Aphididae. 
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with  males  thai  fly  over  from  t  ho  summer  hosl  plants  and  the  fertilized  f  unales  deposit 
their  eggs  in  the  above  mentioned  situations. 

Control  Measures. — The  control  measures  for  this  aphid  are  the  same  as  for  other 
aphids;  thai  is,  Bpraying  or  dusting  with  a  strong  contacl  insecticide  A  40  per  cent 
nicotine-sulfate  solution,  used a1  '•_•  pint  to  50 gallons  of  water,  with  l  pound  of  potash 

fish-oil  BOap  dissolved  in  each  'if)  gallons  of  water,  will  kill  all  aphids  hit   l>y  it.      A  'A 
per  cent  nicotine  dust  also  is  effective. 

References.— Pa.  Agr.  Exp.  Sta.  Bulls.  185  and  186,  1924;  Colo.  Agr.  Exp.  Sta.  Bull. 
133,  1908;  N.  J.  Agr.  Exp.  Sta.  Circ.  107,  p.  5,  1919. 

Tarnished  Plant  Bug1 

Importance  and  Type  of  Injury. — This  insect,  which  feeds  on  many 
different  kinds  of  plants,  is  particularly  injurious  to  the  peach.  In  the 
nursery  rows,  peach  trees  will  be  found  with  the  main  terminal  and  a 


Fig.  409. — Tips  of  peach  nursery  trees  injured  by  the  feeding  of  the  tarnished  plant 
bug.  (From  Slingerland  and  Crosby,  "  Manual  of  Fruit  Insects"  copyright  1915,  by  the 
Macmillan  Company.      Reprinted  by  permission.) 

number  of  laterals  wilting  and  dying  back  (Fig.  409),  but  not  containing 
borers.  Young  trees  thus  injured  become  scrubby  or  brushy.  The 
insect  also  causes  sunken  areas  on  the  sides  of  the  fruit  which  are  free 
from  down,  looking  as  though  the  peach  had  been  gouged  or  partly  peeled, 
when  small.     This  injury  is  commonly  called  " cat-facing"   (Fig.  410). 

Plants  Attacked. — Many  kinds  of  trees  and  herbaceous  plants;  a  very 
general  feeder. 

Distribution. — Throughout  the  world. 

Life  If istnry,  Appearance  and  Habits. — The  tarnished  plant  bug  passes 
the  winter  as  a  full-grown  insect.      It  is  of  a  coppery-brown  color,  flecked 

1  Lygus  pratensis  Linne,  Order  Bemiptera,  Family  Miridse. 
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with  darker  brown  and  yellow.  The  body  is  oval  in  shape,  somewhat 
triangular  in  front,  about  )4  inch  long,  and  about  half  as  wide  (Fig,  292). 
The  insect  hibernates  in  many  different  kinds  of  shelter,  but  seems  to 
prefer  plants  which  do  not  entirely  die  down.  Large  numbers  of  them 
have  been  found  in  winter  between  the  leaves  of  mullen,  wild  parsnip, 
alfalfa,  and  clover.  The  insects  become  active  during  the  first  warm  days 
of  spring.  They  fly  to  trees,  feed  by  sucking  the  sap,  and  while  feeding 
apparently  inject  some  substance  that  is  highly  injurious  to  the  plant 

tissue.  The  feeding  causes  the  peach 
to  die  back,  resulting  in  a  condition 
usually  referred  to  by  nurserymen  as 
"stopback"  (Fig.  409).  There  are 
several  generations  of  the  insect  each 
season,  the  eggs  being  laid  mainly  in 
the  stems  of  herbaceous  plants,  includ- 
ing some  cultivated  plants  and  weeds. 
A  few  eggs  are  laid  in  the  peach  ter- 
minals and  also  occasionally  in  the 
peach  fruits  (see  also  p.  445). 

Control  Measures. — No  satisfactory 
control  measures  have  as  yet  been 
found  for  this  insect.  Keeping  down 
weeds  about  the  orchard  is  of  some 
value  in  reducing  its  numbers. 


Fig.  410. — Typical  "cat-facing"  of 
peach,  caused  by  feeding  of  the  tar- 
nished plant  bug.  (From  III.  State 
Nat.  Hist.  Sur.) 


References. — Mo.  Agr.   Exp.  Sta.   Research  Bull.  29,  1918;  N.   Y.  (Cornell)  Agr. 
Exp.  Sta.  Bull.  346,  1914;  III.  State  Nat.  Hist.  Survey,  Bull.  Vol.  17,  Art.  VI,  1928. 


E.  PLUM  INSECTS 

The  insects  that  attack  the  plum  are  very  much  the  same  as  those 
that  attack  the  peach;  in  fact,  there  are  only  one  or  two  insects  of  special 
importance  on  the  plum. 

FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  THE  PLUM 

1.  Partly  grown  plums  are  "stung"  and  drop  from  the  tree  (see  C,  1  under  key 
for  insects  that  attack  the  fruit  of  the  peach).     Plum  curculio,  page  613. 

2.  Plums  of  the  Japanese  and  European  varieties  have  the  branches  coated 
with  grayish  scales,  having  much  the  color  of  wet  ashes.  Mature  trees  of  the  Ameri- 
cana varieties  are  seldom  injured  (see  B,  1  under  key  for  insects  injuring  the  peach). 
San  Jose  scale,  page  613. 

3.  Tips  of  new  growth  on  plum  trees  literally  covered  with  brownish,  blackish, 
or  light-green  aphids.  Leaves  badly  curled,  growth  stunted,  fruit  sometimes  mis- 
shapen and  shriveled.     Rusty  plum  aphid  or  hop  aphid,  page  613. 

4.  About  the  time  the  plum  trees  come  into  full  foliage,  silken  webs  are  found 
enclosing  the  leaves  at  the  ends  of  branches.  Feeding  on  the  leaves  within  the  webs 
airs  .smooth-bodied,   grayish-yellow,   many-legged  caterpillars,   up  to   Y±   inch  long. 
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Black  wasp-like  insects  deposit  eggs  on  '1|(>  midribs  <>f  the  plum  leaves  jus!  previous 
bo  the  appearance  of  the  webs.  Web-spinning  saw  fly,  Neurotoma  inconspicua  (Norton) 
Que  South  Dakota  Agr.  Exp.  Sta.  Bull.  L90,  L920). 

5.  Leaves  of  plum  and  oilier  fruits  show  a  pale  sickly  appearance  as  though 
covered  with  dust  or  brownish-red  specks.  Very  li^ht  webs  over  the  surface  of  the 
leaves,  upon  which  are  crawling  minute,  reddish,  eight-legged  mites.  Kuropcun  ml 
mile,  page  554. 

Plum  Curculio1 

The  plum  curculio  has  already  been  discussed  under  both  apple  and 
peach  (see  pp.  577  and  604).  It  is  perhaps  more  destructive  to  plums 
than  to  any  other  fruit.  The  curculio  is  one  of  the  main  agencies  in 
spreading  brown  rot.  If  this  very  destructive  disease  of  the  fruit  is  to  be 
controlled,  it  is  necessary  to  control  the  plum  curculio. 

Control  Measures. — The  methods  of  control  which  are  given  for  this 
insect  on  the  peach  will  apply  equally  well  for  the  plum.  Particular 
attention  should  be  given  to  clean  cultivation  of  the  plum  orchard  and  to 
picking  up  the  early-dropped  plums.  In  spraying  for  this  insect  on  plums 
the  first  application  should  be  made  just  before  the  blossom  buds  open, 
using  arsenate  of  lead  at  the  rate  of  1}^  pounds  to  50  gallons  of  spray 
mixture.  The  second  spray  should  be  given  as  soon  as  the  shucks  have 
fallen  from  the  plums,  using  the  same  amount  of  lead  as  in  the  previous 
spray.  A  third  spray  should  be  given  10  days  to  2  weeks  after  the  second. 
One  additional  spray  2  or  3  weeks  later  is  sometimes  necessary  in  years 
when  the  curculio  is  abundant. 

San  Jose  Scale2 

This  scale  is  very  destructive  to  plums  belonging  to  the  Japanese  or 
European  varieties;  that  is,  such  varieties  as  Lombard,  Green  Gage, 
Fallenberg,  Burbank,  and  many  others.  The  scale  is  not,  however,  of 
great  importance  on  mature  American  plum  trees,  such  as  the  wild  goose 
or  other  varieties  of  Americanas.  The  San  Jose  scale  may  cause  injury 
to  young  plum  trees  of  any  variety  (see  p.  539). 

Plum  Aphids 

There  are  several  species  of  aphids  which  attack  the  plum.  They 
often  appear  in  very  large  numbers  on  the  tips  of  the  plum  twigs  (Fig.  411) 
and  by  their  feeding  curl  the  leaves,  stunt  the  growth,  and  injure  the  tree 
and  fruit  by  the  discharge  of  honeydew.  The  hop  aphid3  and  the  rusty 
plum  aphid4  are  common  species. 

1  Conolrachelus  nenuphar  (Herbst),  Order  Colooptora,  Family  Curculionida\ 

2  Aspidiotu.s  perniciosus  Comstock,  Order  Homoptora,  Family  Coccida-. 

3  Phorodon  humuU  (Schrank),  Order  Homoptera,  Family  Aphidids. 

■'  Hysteroneura  setaria  (Thomas),  Order  Homoptera,  Family  Aphididse. 
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I  onhal  Mea8Ure8.      While  several  species  of  aphids  are  involved,   the 

control  measures  are  essentially  the  same.     \    soon  as  the  apliids  appear, 

the  trees  should  he  thoroughly  sprayed  with  nicotine  sulfate,  used  at  the 
rate  of  !  •_>  pint  to  50  gallons  of  water  or  spray  mixture.  If  water  i>  used 
alone,  add  2  pounds  of  potash  fish-oil  soap  to  each  50  gallons  of  the  solu- 
tion.     During'  the  last   few  years  a   more  satisfactory  control  has   been 


Fig.  411. — Rusty  plum  aphids,  II>/>t<roneura  setarioe  (Thomas),  clustered  on  plum.     About 
natural  size.      (From  U.  S.  D.  A.  Farmers'  Bull.  908.) 

obtained  by  dusting  with  2J£  per  cent   nicotine  dust.     Such  a  dust  may 
be  made  by  mixing  hydrated  lime  and  nicotine  sulfate  (see  p.  241). 

References.— Pa.  Agr.  Exp.  Sta.  Bull.  182,  1923;  U.  S.  Dept.  Agr.  Dept.  Bull.  774, 
1913;  Okla.  Agr.  Exp.  Sta.  Bull.  88,  1910. 

F.  CHERRY  INSECTS 

The  cherry,  like  the  plum,  is  attacked  by  many  of  the  insects  which 
affect  the  peach.  Sour  cherries  are  not  subject  to  severe  injury  by 
San  Jose  scale,  but  it  is  a  serious  pest  of  sweet  cherries.  Cherries  are 
sometimes  attacked  by  the  peach  tree  borer,  lesser  peach  tree  borer,  and 
bark  beetles;  and  the  same  control  measures  may  be  used  as  on  peach. 
Some  of  the  aphids  that  attack  the  plum  attack  also  the  cherry,  and 
there  are  several  other  species  which  confine  their  work  largely  to  this 
tree.     The  methods  of  control  are  the  same  as  for  these  insects  on  plum. 

The  sweet  cherry  is  attacked  by  practically  the  same  insects  as  those 
feeding  on  the  sour  cherry  and  is  also  very  subject  to  injury  by  the  San 
Jose  scale.  Wherever  sweet  cherries  are  grown,  especially  while  the 
trees  are  young,  they  should  receive  a  dormant  treatment  for  San  Jose 
scale,  the  same  as  that  given  the  apple  or  peach. 


FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  THE 

CHERRY 

1.  Cherries  are  "stung"  but  seldom  drop.  White,  footless  grubs  up  to  }i  inch 
long  feed  inside  the  fruit  (see  C,  1,  under  key  to  insects  that  attack  the  fruit  of  the 
peach).     Plum  cure  alio,  page  577. 
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2.  Cherries  misshapen,  undersized,  ripening  prematurely,  or  the  fruii  partly 
decayed  or  Bhrunkeo  and  wrinkled  on  one  side,     yellowish-white  maggots  up  to  !  i 

inch  Long  burrow  ID  the  injured  fruit.      Black   flies,  smaller  than  :i  house  fly,  with  the 

abdomen  marked  with  white  crossbands  and  the  thorax  margined  with  yellow,  and 

with   four  black  hands  on  the  wings,  are  found  resting  on  the  foliage  or  on  the  fruit. 

Cherry  fruit  flies^  page  615. 

3.  Fawn-colored,  very  Long-legged,  Blender-bodied  hectics,  about  )4.  inch  Long, 
attack  ripening  fruits  often  in  swarms.  Most  abundant  in  sandy  an-as  and  disappear 
within  a  month.     Rose  chafer,  page  ()25. 

4.  Soft,  fleshy,  dark-green  to  orange,  slimy,  slug-like  larva1,  up  to  ]4.  inch  in  Length, 

feed  on  the  surface1  of  cherry  leaves  and  skeletonize  the  leaf.  Most  abundant  during 
Late  Bpring  and  again  in  late  summer.  In  the  late  spring,  black-and-yellow 
wasp-like  insects,  about  \i  inch  long,  lay  their  eggs  on  the  leaves  of  cherry.  Pear  or 
cherry  slug,  page  616. 

5.  Grayish,  very  thin,  flaky  scales,  up  to  ~%  inch  across,  and  with  a  raised,  reddish, 
nipple-like  area  in  the  center  of  the  scale  are  found  clustered  or  massed  on  the  bark  of 
cherry.  The  scales  covering  the  reddish-yellow  bodies  of  the  insects  are  thinner 
and  more  translucent  than  those  of  the  San  Jose  scale.     Forbes'  scale,  page  617. 

6.  Grayish  scales  on  the  bark  of  sweet  cherry,  and  rarely  on  sour  cherry  (see  B,  1, 
under  key  for  insects  injuring  the  peach).     San  Jose  scale,  page  539. 

Plum  Curculio 

Most  of  the  wormy  cherries  in  many  parts  of  the  country  are  caused 
by  the  plum  curculio.  This  insect  is  especially  abundant  on  cherry 
trees  grown  in  small  orchards  or  in  cities.  The  control  measures  for 
this  insect  are  the  same  as  those  given  for  its  control  on  the  plum  (see 
page  613). 

Cherry-fruit  Flies1,2 

Importance  and  Type  of  Injury. — There  are  two  closely  related  flies 
which  attack  the  cherry  and  cause  wormy  fruits.  Cherries  are  somewhat 
misshapen  and  undersized,  turning  red  ahead  of  the  main  crop,  often- 
times with  one  side  of  the  fruit  partly  decayed  and  shrunken  or  wrinkled 
and  closely  attached  to  the  pit.  Yellowish-white,  footless  maggots,  K 
inch  long  and  pointed  at  the  head  end,  will  be  found  in  the  flesh  of  the 
fruit  (Fig.  412).     Brown  burrows  extend  through  the  fruit. 

Trees  Attacked. — Cherry,  pear,  plum. 

Distribution. — Northern  United  States  and  Canada. 

Life    History,    Appearance,    and   Habits. — The    winter   is    passed    in 

brown,   capsule-like  cases  (puparia)  in  the  soil.     The  adult  flies  begin 

to  emerge  during  late  spring,  and  fly  to  cherry  trees,  where  the  females 

lay  their  eggs  in  the  flesh  of  the  nearly  ripe  fruit.     These  flies  (Fig.  413 

are  a  little  smaller  than  a  house  fly,  of  a  general  black  color,  marked 

with  yellow  margins  on  the  thorax.     The  true  cherry-fruit  fly1  has  white 

crossbands  on   the  abdomen,   which  are  not   found  on   the  black-bodied 

cherry-fruit  fly.2     There  are  blackish  bands  on  the  wings.     The  maggots 

1  Rhagoletis  cingulata  Loew,  Order  Diptera,  Family  Trypetid®. 
-  Rhagoletis  fau&ta  Oaten  Sacken. 
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on  hatching  from  the  eggs  U-t-d  in  the  flesh  of  the  fruit,  causing  decay 
and  the  injuries  already  described.  On  becoming  full-grown,  they  drop 
to  the  ground  and  work  their  way  below  the  surface,  where  they  change 
into  the  pupal  stage  in  which  they  pass  the  winter. 

Control  Measures. — The  spray  schedule  used  for  the  control  of  the 
plum  curculio  will  give  a  very  satisfactory  control  of  these  insects.  In 
this  schedule,  the  first  summer  spray  consists  of  1  gallon  of  commercial 

lime-sulfur  and  1 '  £  pounds  of 
arsenate  of  lead  to  50  gallons 
of  water.  This  should  be 
applied  just  after  the  blossom- 
buds  open.  A  second  spray, 
using  the  same  ingredients, 
should  be  given  as  soon  as  the 


Fig.  412. — Section  of  ripe  cherry  showing  mag- 
got of  the  cherry  fruit  fly  at  work.  About  three 
times  natural  size.  (From  N.  Y.  (Cornell)  Agr. 
Exp.  Sta.  Bull.  325.) 


Fig.  413. — Adult  of  the  cherry 
fruit  fly,  Rhwjolctis  cingulata 
Loew,  about  four  times  natural 
size.  (From  N.  Y.  (Cornell)  Agr. 
Exp.  Sta.  Bull.  325.) 


shucks  have  fallen  from  the  young  cherries.  A  third  spray  of  the  same 
materials  should  be  given  10  days  later.  These  sprays  protect  the  fruit 
by  poisoning  the  adult  flies. 

References.— N.   Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  325,  1912;  Out.  Dept.  Agr.  Bvll. 
227,  1915. 


Pear  Slug1 

Importance  and  Type  of  Injury. — Small,  fleshy,  dark-green  to  orange 
slug-like,  slime-covered  larva?,  up  to  Yi  inch  in  length,  with  the  front 
part  of  the  body  enlarged,  feed  on  the  surface  of  the  cherry  leaves  and 
skeletonize  the  leaves,  leaving  only  a  framework  of  veins  (Figs.  146,  414). 

Trees  Attacked. — Cherry,  pear,  plum. 

Distribution. — Throughout  the  United  States. 

Life  History,  Appearance,  and  Habits. — This  insect,  like  many  other 
sawflies,  passes  the  winter  in  a  cocoon  formed  in  an  earthen  cell  2  or  3 

1  Eriocampoides  limacina  Retzius,  Order  Hymenoptera,  Family  Tenthredinidae. 
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inches  below  the  surface  of  tin*  ground.  In  the  late  spring,  shortly 
after  the  cherries  have  come  into  full  leaf,  black-and-yellow  sawflies,  ! .-, 
inch  long,  emerge  from  these  cocoons.  The  insects  are  a  little  larger 
than    the   common   house   fly.     They  have  four  wings.     The   female 

sawfly  inserts  her  eggs  in  the  leaves,  and  after  a  few  days  these  eggs 
hatch  into  the  soft-bodied  worms  or  slugs  which  feed  on  the  leaf  as 
above  described.  The  feeding  period  varies  from  2  to  3  weeks.  As  the 
BlugS  grow  in  size,  they  become  somewhat  lighter  in  color,  until  when 
full-grown  they  are  nearly  orange-yellow.  They  then  crawl  or  drop  to 
the  ground,  into  which  they  burrow,  and  there  change  to  the  pupal 
stage.  Adults  emerge  during  late  July  and  August  and  lay  eggs  for  the 
second  generation  of  slugs.     It  is  this  generation  that  usually  causes 


Fio.  414.- — Larvae  of  the  pear  slug,  Eriocampoidcs  Umacina  Retzius,  and  characteristic 
injury  on  leaf.  About  twice  natural  size.  {From  Slingerland  and  Crosby,  "Manual  of 
Fruit  Insects,"  copyright  1915,  by  the  Macmillan  Company.     Reprinted  by  permission.) 

the  greatest  amount  of  injury,  especially  on  young  trees,  which  they  may 
completely  defoliate.  When  this  second  generation  becomes  full-grown, 
they  go  into  the  ground  and  remain  there  during  the  winter. 

Control  Measures. — The  pear  slug  is  very  easily  poisoned.  An 
application  of  arsenate  of  lead,  at  the  rate  of  1  pound  to  50  gallons  of 
water  applied  as  soon  as  the  young  slugs  are  noticed  on  the  leaves,  will 
give  complete  control.  Dusting  the  trees  with  arsenate  of  lead,  1  pound, 
mixed  with  5  pounds  of  hydrated  lime  is  also  effective.  The  spray 
schedule  already  given  for  the  control  of  the  curculio,  and  fruit  flies,  is 
effective  in  controlling  the  slug. 

References. — Slate  Entomol.  So.  Dak.  Circ.  27,  1918;  Iowa  Agr.  Exp.  Sta.  Bull.  130, 
1912. 

Forbes'  Scale1 

Importance  and  Type  of  Injur//.  A>  already  stated,  the  San  Jos6  scale  is  of  little 
<>r  no  importance  on  sour  cherries.     The   Forbes'  scale,  which  resembles  the  San 

1  Aspidiotws  forbesi  Johnson,  Order  Homoptera,  Family  Coccids. 
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Jose*  scale  in  genera]  appearanoe,  is  often  very  abundant,  although  not  seriously 
destructive  to  the  tree.  Grayish,  thin,  flaky  scales  are  massed  on  the  bark  of  the  trunk 
and  branohes  of  the  tree,  sometimes  oompletely  covering  the  f > : l r k  (Fig.  415).  Exami- 
nation, with  a  tnierosoope  will  show  a  raised  reddish  area  in  the  center  <>f  each  scale 

which  will  distinguish  it  from  the  San  .lose  scale. 

Plants  Attacked. — Cherry,  apple,  apricot,  pear,  plum,  quince,  ami  currant. 
Distribution. — Throughout  the  United  States  easl  of  the  Rocky  Mountains. 
Life  History,  Appearance,  anil  Habits.— The  winter  is  passed  as  a  partly  grown 

scale,  somewhat   resembling  the  San  Jose  scale,  hut   the  raised  area  in  the  center  of 


Fig.  415. — Forbes'  scale,  Aspidiotus  forbesi  Johnson.  Mature  female  removed  from 
scale,  upper  left,  greatly  enlarged;  female  scale,  lower  left,  much  enlarged;  male  scale. 
lower  right,  much  enlarged;  infested  twig,  somewhat  reduced.  (From  III.  State  Nat.  Hist. 
Sur.) 

the  scale  has  a  reddish  or  orange  color.  In  Illinois,  the  first  young  appear  in  May, 
and  are  produced  both  from  eggs  and  by  the  birth  of  nymphs.  There  are  from  one  to 
three  generations  each  season. 

Control  Measures. — The  control  given  for  the  San  Jose  scale  (see  p.  542),  by  the 
application  of  lime-sulfur  at  the  recommended  dormant  strengths,  is  very  effective 
in  the  control  of  this  scale. 

Reference. — Twenty-second  Rept.  III.  State  Entomol.,  p.  115,  1902. 


G.   APRICOT  INSECTS 


The  apricot  is  injured  by  practically  the  same  insects  as  the  plum, 
unci  the  same  control  measures  will  apply  on  this  tree.  Plum  curculio 
is  often  very  destructive  to  apricot,  and  where  this  fruit  is  grown  special 
attention  should  be  given  to  this  insect.  San  Jose  scale  is  also  often 
very  serious,  especially  on  the  younger  trees. 
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//.    GRAPE  INSECTS 
FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  THE  GRAPE 

A.  Chewing  insects  attacking  the  leaves,  fruitsi  or  roots: 

1.  Greenish-gray  to  purplish  caterpillars  up  to  ! •>  inch  in  Length,  with  brown  heads, 

d'cd  on  or  in  the  grape  berries,  under  protecting  webs,  and  often  ;itt:tcli  hits  of  leaves 
to  the  berries.     Grape-berry  moth,  page  6I<». 

2.  Vines  show  a  lack  of  vigor,  the  foliage  yellowing,  and  little  growth  being  made. 

Small,  chain-like  holes  arc  eaten  in  t  lie  |e;i  yes  by  brown  to  grayish  bed  Les  about    \  ;i  inch 

long;  especially  abundant  about  2  weeks  after  grapes  bloom.  White  grubs  about  Yi 
inch  Long,  with  brown  heads,  eal  off  the  small,  fibrous  roots  and  score  the  bark  of  the 
larger  roots  during  the  late  summer,     drape  rootworm,  page,  622. 

'A.  Small,  active,  jumping  beetles  of  a  metallic,  greenish-blue  color,  feed  on  the 
unfolding  Leaves  of  grape  in  the  Bpring.  Light-brown,  black-spotted  grubs,  the 
largest  about  '  :i  inch  in  length,  feed  in  company  with  the  beetles  and,  later,  on 
the  opened  leaves.     Grape  flea  beetle,  page  624. 

4.  Fawn-colored,  long-legged,  slender-bodied  beetles,  about  %  inch  long,  feed  on 
the  blossoms,  newly  set  grapes  and  leaves.  Most  abundant  in  sandy  areas  and  during 
the  first  2  weeks  after  blooming.     Rose  chafer,  page  62o. 

B.  Sajy-sucking  insects  attacking  leaves  or  roots: 

1.  Vines  lacking  in  vigor,  sickly  in  appearance,  the  foliage  pale,  with  many  tiny 
whitish  spots  over  the  leaves.  Very  slender,  yellowish  bugs,  with  red  marks  on  the 
wings,  about  %  inch  long  by  a  fourth  as  wide,  and  their  active  light-colored  nymphs, 
suck  the  sap  from  the  underside  of  leaves.  The  nymphs  run  sidewise  as  readily  as 
forward.     Grape  leaf  hopper,  page  627. 

2.  Vines  lack  vigor,  often  dying.  Rounded,  irregular  galls,  about  half  the  size  of  a 
pea,  on  the  leaves,  sometimes  covering  them.  The  galls  open  on  the  underside  of  the 
leaves  and  the  inside  is  lined  with  many,  small,  wingless,  pale-yellow  aphids.  Knots 
or  galls  on  the  roots  are  covered  with  aphids  similar  to  those  on  the  leaves,  causing 
the  roots  to  rot  off.     Grape  phylloxera,  page  629. 

Grape-berry  Moth1 

Importance  and  Type  of  Injury. — This  insect  is  almost  universally 
present  wherever  grapes  are  grown,  either  as  a  few  vines  in  a  back  yard  or 
in  extensive  vineyards.  The  grape  berries  are  webbed  together,  turning 
dark  purple  in  color,  and  drop  from  the  stems  when  the  grapes  are  about 
the  size  of  garden  peas.  Small  holes  are  eaten  in  the  nearly  ripened 
grapes,  the  sides  of  which  are  attached  by  a  light  web  to  a  bit  of  leaf,  or  to 
adjoining  berries.  Small  silken  cocoons  lie  in  small,  semicircular  flaps 
cut  in  the  grape  leaves,  folded  over,  and  held  together  by  a  light  web. 
When  this  insect  is  abundant,  it  will  often  destroy  as  much  as  60  to  90 
per  cent  of  the  fruit  in  unsprayed  vineyards. 

Plants  Attacked. — Grape. 

Distribution. — Throughout  the  northern  United  States  and  southern 
( lanada. 

Life  History,  Appearance,  and  Habits. — This  insect  passes  the  winter 
in  grayish  silken  cocoons,  nearly  always  folded  in  fallen  grape  leaves. 

1  Polychrosis  viteana  Clemens.  Order  Lepidoptera,  Family  Olethreut  ida>. 
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I  tocasionally  the  cocoons  may  be  al  bached  to  the  I 'ales  of  bark  or  in 

rubbish  on  thr  ground.     In  the  late  spring,  shortly  after  the  grape  has 
bloomed,  a  grayish  or  grayish-purple  moth,  about  }4  inch  across  the 


Fig.    41G. — Grape-berry    moth,    Polychrosis   viteana   Clemens.     Adult,    natural   size   and 
enlarged.      {From  N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  223.) 

wings  (Fig.  416),  emerges  from  the  cocoon,  and  the  female  lays  her  eggs 
on  the  newly  forming  grape  berries.  The  little  worms  hatching  from 
these  eggs  spin  a  silken  web  wherever  they  go  and  thus  web  together  the 


Fig.    417. — Grape-berry    moth.     Larvae   or   caterpillars,    about   four   times   natural   size. 
(From  X.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  223.) 


fruit  clusters,  or  parts  of  clusters  (Fig.  418).  They  feed  on  the  grape 
berries  and  each  worm  of  this  generation  will  usually  destroy  a  number  of 
grapes.     On  becoming  full-grown,  the  worms  are  about  J£  inch  long, 
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greenish-gray  with  brown  heads  (Fig.  117).  Each  cuts  out  and  folds  over 
B  little  flap  of  leaf,  and  within  this  spins  a  cocoon.  The  mollis  of  the 
second  generation  emerge  during  July,  and  deposit  1  heir  eggs  oe  i  he  grape 
berries  like  those  of  the  first  generation.  While  a  single  worm  may  find 
sufficient  food  in  one  berry  to  complete  its  development,  it  often  goes  from 
oik"  grape  to  another,  especially  where  the  berries  are  touching,  and  thus 
may  destroy  three  or  four  grapes  before  it  completes  its  growth.  When 
full-grown,  they  again  go  to  the  leaves  where  they  spin  their  cocoons, 
pupate,  and  remain  in  this  stage  during  the  winter. 


Fig.  418. — Work  of  spring  generation  of  grape-berry  moth  larvae  among  blossoms  and  young 
fruits  in  June.      Natural  size.      (From  N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  223.) 


Control  Measures. — Spraying  is  the  most  effective  control  for  this 
insect.  Extensive  experiments  in  the  large  grape  belt  of  Ohio  and  New 
York,  have  shown  that  thorough  spraying  with  arsenate  of  lead,  at  the 
rate  of  3  pounds  to  50  gallons  of  Bordeaux  mixture,  will  give  almost 
complete  control  of  this  insect.  Three  sprays  should  be  applied:  one 
shortly  after  the  fruit  has  set,  the  second  about  10  days  later,  and  a  third 
when  the  grapes  are  approximately  half  grown.  On  account  of  objection- 
able arsenical  residue  on  the  marketed  fruits  the  third  spray  should  con- 
tain only  1  pound  of  arsenate  of  lead  with  1  pound  rosin  fish-oil  soap  to 
each  50  gallons  of  spray.  To  cover  the  berries  of  the  grape  thoroughly,  it 
is  necessary  to  use  a  high-pressure  sprayer  that  will  break  the  spray  into 
very  fine  particles.  In  addition  to  the  spraying,  a  partial  control  of  the 
insect  may  be  accomplished  by  thoroughly  cleaning  up  around  the  grape 
vineyards  and  raking  up  and  burning  the  fallen  leaves  during  the  fall 
or  winter. 

References.  Jour.  Earn.  EntomoL,  Vol.  14,  p.  488,  1921;  Ohio  Agr.  Exp.  Sta.  Circ. 
63,  1906;  U.  S.  Dept.  Agr.  Dept.  Hull.  550,  1917. 
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Grape  Rootworm1 

Importance  and  Type  of  Injury,  Vines  show  a  lack  of  vigor,  tin-  Leaves 
turn  yellow,  and  little  new  growth  is  made.     An  examination  of  the  roots 

will  sometimes  show  small  whitish  grubs  eating  off  the  small  feeding  roots, 
ami  gouging  out  numerous  channels  in  the  bark  of  the  larger  roots. 
Grayish-tan  hectics  feed  upon  the  leaves.  Not  the  entire  leaf  is  eaten, 
but  series  of  small  holes  are  made  through  the  leaf  in  chain-like  rows 
(Fig.  420). 

Plants  Attacked. — Grape. 

Distribution. — Eastern  United  States,  except  extreme  north  and 
south. 

Life  History,  Appearance,  and  Habits. — The  grape  rootworm  passes 
the  winter  in  the  form  of  a  small  white  grub  about  }-$  inch  long.     The 


Fig.  419. — Adult  of  the  grape  rootworm,  Fidia  viticida  Walsh,  on  leaf,  about  three  times 
natural  size.      (From  X.  Y.  (Geneva)  Ayr.  Exp.  Sta.  Hull.  453.) 


head  is  brown  and  the  insect  holds  its  body  in  a  curved  position.  During 
the  winter  these  worms  make  their  way  deep  into  the  soil  and  will  be 
found  2  feet  or  more  below  the  surface  of  the  ground.  As  the  soil  warms 
in  the  spring,  the  grubs  migrate  back  to  within  1  or  2  inches  of  the  surface 
and  excavate  small  cells,  in  which  they  change  to  very  soft  white  pupae. 
About  2  weeks  after  the  grapes  bloom,  they  emerge  from  these  cells  as 
small  brown  or  grayish  beetles.  These  beetles  are  about  Ji  inch  long, 
and  are  rather  chunky  in  appearance  (Fig.  419).  They  feed  on  the  upper 
surface  of  the  grape  leaf,  producing  the  effect  on  the  foliage  above 
described.  Shortly  after  commencing  to  feed,  the  females  deposit  their 
eggs,  in  masses  averaging  about  100  eggs  each.  The  eggs  are  attached  to 
the  grape  canes,  usually  under  the  loose  bark  scales,  although  sometimes 
not  so  protected.  The  beetles  do  not  all  come  out  at  once,  and  the  period 
1  Fidia  viticida  Walsh,  Order  Coleoptera,  Family  Chrysomelidae. 
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of  their  feeding  and  egg-laying  may  extend  over  a  month  or  <>  weeks. 
The  eggs  hatch  after  m  short  time,  and  the  young  grubs  drop  to  the 
mound,  where  they  burrow  into  t  he  soil  until  they  encounter  grape  roots. 
They  at  once  start  feeding  on  these  roots,  cutting  off  the  slender  feeding 
roots,  and  channeling  or  gouging  the  bark  of  the  larger  roots.  On  the 
approach  of  cold  weather,  they  work  their  way  deeper  into  the  soil,  where 
they  remain  during  the  winter.     There  is  one  generation  each  year. 


ho.    420. — Typical    injury    of    adult    grape    rootworms    on    leaves.      About    natural    sizo. 
(From  X.   Y.  (Geneva)  Ayr.  Exp.  Sta.  Bull.  453.) 


Control  Measures. — As  the  beetles  of  the  grape  root  worm  feed  exten- 
sively on  the  upper  surface  of  the  leaves,  they  may  be  poisoned  by  arsenate 
of  lead,  applied  at  the  rate  of  3  pounds  to  50  gallons  of  water  or  of  Bor- 
deaux mixture.  The  first  spray  for  this  insect  should  be  given  as  soon 
as  any  of  the  feeding  punctures  are  noticed  on  the  leaves.  The  time  of 
the  appearance  of  the  beetles  will  be  about  2  weeks  after  the  grapes  are 
through  blooming.  Thorough  spraying  of  all  grape  foliage  is  essential 
in  the  control  of  this  insect.  The  beetles  are  somewhat  repelled  by  the 
arsenate  of  lead,  and  if  a  part  of  the  foliage  is  not  sprayed,  they  will  be 
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Dearly  sure  to  feed  upon  it.  A  second  spray  should  be  made  H>  dayi 
2  weeks  after  the  first.  The  two  sprays,  if  thoroughly  applied,  an  suffi- 
cient to  control  this  insect.  Bordeaux  mixture  alone  has  no  marked 
repellent  effect  on  this  beetle,  and  vineyards  that  were  sprayed  with  Bor- 
deaux, without  the  addition  of  the  arsenate  of  lead,  have  in  a  number  of 
cases  been  very  seriously  damaged  by  the  grape  rootworm. 

References— U.  S.  Dept.  Agr.  Bur.  Entomol  Hull.  68,  Part  VI,  1908;  N.  Y.  (Geneva) 
Ayr.  Exp.  Sta.  Hull.  453,  1918;  N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Hull.  519,  1924. 


Fig.  421. — Grape  flea  beetle,  Haltica  chalybea  Illiger,  natural  size  and  enlarged. 

N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  157.) 


(From 


Grape  Flea  Beetle1 

Importance  and  Type  of  Injury. — Small  jumping  beetles,  about  }£  inch  long,  having 
a  dark,  metallic,  greenish-blue  color  (Fig.  421),  feed  on  the  buds  of  the  grape  just  as 
they  are  starting  to  unfold  in  the  spring.  The  buds  are  eaten  off,  and  the  newly 
opening  foliage  presents  a  ragged,  tattered  appearance.  Light-brown,  black-spotted 
grubs  about  }s  inch  long  will  be  found  feeding  on  the  newly  opening  leaves,  along  with 
the  beetles. 

1  Haltica  chalybea  Illiger,  Order  Coleoptera,  Family  Chrysomelidae. 
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Plants  Attacked,     Grape,  plum,  apple,  quince,  beech,  elm,  and  Virginia  creeper. 

Distribution,     Eastern  two-thirds  of  the  United  States. 

/.//'i  History,  Appearance,  and  Habits.  The  adull  grape  flea  beetles  pass  the  winter 
in  hibernation  in  or  near  the  grape  vineyards,  under  any  shelter  whicb  they  can  find. 
They  become  ac1  ive  fairly  early  in  the  spring,  and  ai  once  starl  feeding  on  t  he  opening 
grape  leaves.     The  females  soon  start  laying  their  eggs,  which  arc  deposited  In  masses 

underneath  the  loose  hark  of  canes,  or  occasionally  on  the  upper  surface  of  t  he  leaves. 
The  eggs  are  light  yellow  in  appearance  and  are  fairly  conspicuous.  Small  dark- 
brown  to  blackish  grubs  hatch  from  these  eggs  and  feed  on  the  surface  of  the  leaves 
and  on  t ho  clusters  of  the  blossom  buds.  On  becoming  full-grown,  the  larva-,  which 
are  then  lighter  brown,  with  regular  rows  of  blackish  spots  (Fig.  422),  drop  or  crawl 
to  the1  ground,  enter  the  soil,  and  there  change  to  the  beetle  stage.      The  adult  beetles 
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Fig.  422. — Larva  of  the  grape  flea  beetle,  dorsal  and  lateral  views.  •   About  four  times 
natural  size.      (From  N.  Y.  (Cornell)  Ayr.  Exp.  Sta.  Bull.  157.) 

of  the  summer  generation  make  their  appearance  during  July  and  August,  and  feed 
on  the  grape  leaves  until  the  approach  of  cold  weather.  They  rarely  cause  much 
injury  during  this  part  of  the  season. 

Control  Measures. — A  strong  arsenate  of  lead  spray,  applied  as  soon  as  the  beetles 
make  their  appearance  on  the  vines  in  the  spring,  is  somewhat  effective  as  a  control 
measure,  but  because  of  the  limited  amount  of  foliage  which  can  be  covered  with 
poison  at  this  time,  it  is  often  hard  to  protect  the  vines  from  injury  by  this  insect. 
When  the  grubs  are  present  on  the  leaves,  using  arsenate  of  lead  at  the  rate  of  2 
pounds  to  50  gallons  of  water,  or  Bordeaux  mixture,  is  effective  in  killing  the  grubs. 
On  a  few  backyard  vines,  the  insect  may  be  controlled  by  spreading  a  piece  of  cloth, 
dipped  in  oil,  under  the  vines  and  jarring  the  beetles  on  to  it.  Fall  clean-up  of  the 
vineyards,  as  recommended  for  the  control  of  the  grape-berry  moth,  will  also  help  in 
keeping  down  the  numbers  of  this  insect. 

References.— U.  S.  Dept.  Agr.  Dept.  Bull.  901,  1920;  Me.  Agr.  Exp.  Sta.  Bull.  273, 
1918;  N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  331,  1910. 

Rose  Chafer1 

Importance  and  Type  of  Injury. — The  leaves  of  grape,  and  especially 
the  blossoms,  are  eaten  by  gray  or  fawn-colored,  long-legged,  Blender 
beetles  about  Yi  inch  long  (Fig.  423,  a).  Newly  set  grapes  arc  eaten  and 
bunches  of  grapes  nearly  ruined.  The  insects  are  most  abundant  on  the 
grape  for  the  first  2  or  3  weeks  after  bloom,  but  will  be  found  in  smaller 


Macrodactylus  subspinosus  Fabricius,  Order  Coleoptera,  Family  Scarabseide. 
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numbers  for  the  nexl  week  or  10  days     The  beetles  also  eal  ripening 
cherries  and  riddle  the  buds  and  leaves  of  roses. 

Plants  Attacked,     Grape,  apple,  peach,  cherry,  pear,  strawberry,  n 

peony,    blackberry,    raspberry,    Virginia   Creeper,   corn,   bean,   beet,   pep- 
per, cabbage,  poppy,  hollyhock,  mullen,  clover,  small  grains  and  gi 

and  a  groat  variety  of  other  plants,  trees,  and  shrubs. 

Distribution.  The  insect  is  generally  distributed  over  the  eastern 
United  States  and  southeastern  Canada.  Its  injuries  are  more  severe  in 
Bandy  areas. 


Fig.  423. — The  rose  chafer,  Macrodactylus  subspinosus  Fabricius.  a,  adult;  b,  larva; 
c  and  d,  mouth  parts;  e,  pupa;  /,  injury  to  Leaves  and  blossoms  of  grape  with  beetles  at 
work,  a,  b,  e,  enlarged,  the  lines  show  natural  size;  c  and  d  more  enlarged;  /,  slightly 
reduced.     (From  U.  S.  D.  A.  Farmers1  Bull.  721.) 


Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
larval  or  grub  stage.  The  larva  (Fig.  423,  b)  closely  resembles  that  of 
the  common  white  grub,  but  is  somewhat  more  slender,  and  much  smaller. 
When  full-grown,  it  is  about  %  inch  in  length.  The  larvae  are  found  in 
uncultivated  land,  especially  in  sandy  areas,  to  a  depth  of  10  to  16  inches. 
In  the  spring,  the  nearly  full-grown  larvae  work  their  way  toward  the 
surface  of  the  ground  and  feed  for  a  short  time  on  the  roots  of  grasses, 
grains,  weeds,  and  other  plants.  They  pupate  during  May,  and  remain 
in  this  stage  (e)  for  about  3  weeks,  emerging  as  adults  at  about  the  time 
when  the  grapes  come  into  bloom.     The  adult  (a,f);  is  a  very  ungainly 


INSECTS  INJURIOUS  TO  FRUITS  627 

beetle,  nearly  !  •_>  Inch  in  length,  with  reddish-brown  head  and  thorax  and 
the  under  Burface  of  the  body  blackish  in  color.  The  whole  body  is 
covered  with  small  yellow  hairs,  which  give  the  beetle  :i  fawn-colored 
appearance.  They  feed  chiefly  on  the  surface  of  the  plants,  and  the 
females,  after  mating,  deposit  their  eggs  in  groups  of  from  (i  to  25,  a1  a 
depth  of  about  (>  inches  in  the  soil.  While  the  eggs  are  grouped,  each  egg 
is  laid  in  a  separate  pocket  in  the  soil.  The  eggs  hatch  in  approximately 
2  weeks,  and  the  young  larva)  feed  on  the  roots  of  grasses  and  other 
plants  for  the  remainder  of  the  summer,  going  down  in  the  soil  on  the 
approach  of  cold  weather. 

Control  Measures. — The  most  important  method  of  controlling  this 
insect  is  thoroughly  to  cultivate  the  areas  about  the  vineyard  where  the 
eggs  may  have  been  deposited.  Very  few  grubs  of  the  rose  chafer  have 
been  found  in  land  where  cultivated  crops,  such  as  potatoes  and  corn,  are 
being  grown.  Cultivation  is  most  effective  in  killing  the  insects  if  carried 
on  during  May  and  early  June,  when  the  rose  chafer  is  in  the  pupal  stage. 
A  spray  consisting  of  4  pounds  of  arsenate  of  lead  and  1  gallon  of  molasses 
to  50  gallons  of  water,  applied  as  soon  as  the  beetles  appear,  and  at 
intervals  of  about  1  week  if  the  infestation  continues  severe,  has  proved 
very  effective  in  controlling  the  beetles  in  Canada.  Arsenate  of  lead 
alone  is  of  some  value,  but  the  effectiveness  of  the  material  is  apparently 
increased  by  the  addition  of  the  molasses.  In  order  to  secure  the  maxi- 
mum protection  from  cultivation,  it  is  necessary  that  all  grape  growers 
unite  in  keeping  the  areas,  surrounding  vineyards,  under  cultivation. 

References. — 53rd  Rept.  Entomol.  Soc.  Ont.,  p.  60,  1922;  U.  S.  Dept.  Agr.  Bur. 
Entomol  Bull.  97,  Part  III,  1911. 

Grape  Leafhopper1 

Importance  and  Type  of  Injury. — There  is  no  insect  which  attacks  the 
grape  that  is  so  universally  present,  year  in  and  year  out,  as  the  grape 
leafhopper.  Very  small,  whitish  spots  appear  over  the  grape  leaves 
(Fig.  2,  B).  The  entire  leaf  becomes  a  pale  greenish-yellow  in  color,  the 
vines  show  very  little  vigor,  and  the  foliage  presents  a  general  sickly 
appearance.  Numerous,  small,  pale,  red-flecked,  very  active  insects  are 
found  feeding  on  the  undersides  of  the  leaves.  These  insects  never  cause 
any  ragging  of  the  foliage. 

Plants  Attacked. — Grape,  Virginia  creeper,  apple,  and  many  other 
plants. 

Distribution. — Throughout  the  United  States. 

Life  History,  Appearance,  and  Habits. — The  adult  grape  leafhoppers 

Fig.  424,  right)  are  of  a  pale  yellowish  color  with  red  markings  on  the 

wings.     They  pass  the  winter  among  the  fallen  grape  leaves,  grasses,  or 

other  shelters  in  the  vicinity  of  the  vineyard.      The  hoppers  are  about  \% 

1  Erythroneura  comes   Say),  Order  Homoptera,  Family  Cicadellidae. 
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inch  or  less  in  length  by  one-fourth  ae  wride.  They  become  active  about 
the  time  the  grape  leaves  arc  half  grown,  and  fly  to  the  Leaves,  on  which 

they  feed  by  sucking  the  sap  from  the  underside.  After  feeding  2  or  3 
weeks,  the  female  hoppers  begin  to  lay  their  eggs.  These  eggs,  which  arc 
very  small,  are  pushed  into  the  tissue  of  the  leaf  veins.  They  hatch  into 
pale  green  or  greenish-white  nymphs  (Fig.  424  left),  which  are  wingless, 
but  extremely  active,  and  which  feed  by  sucking  the  sap,  remaining 
almost  entirely  on  the  underside's  of  the  leaves.  They  become  full- 
grown  in  from  4  to  5  weeks,  depending  largely  on  the  temperature  of  the 
season.  These  insects  do  not  go  through  any  pupal  stage,  merely 
shedding  their  skins  as  they  grow  and  becoming  larger  each  time  until  the 
full-grown,   adult,   winged  stage  is  reached.     There  are  probably  two 


Fig.  424. — The  grape  leaf  hopper,  Erythroncura  comes  (Say),  about  seven  times  natural 

size.     {From  U,  S.  D.  A.  Dept.  Bull.  19.) 

generations  of  the  insect  in  most  of  its  range,  with  a  third  generation  in 
the  south.  The  nymphs  of  the  last  generation  become  full-grown 
during  September,  and  the  adults  seek  the  shelters  above  described  about 
the  time  of  the  first  frost. 

Control  Measures. — Because  of  the  fact  that  these  insects  are  sap 
feeders,  and  because  of  the  activity  of  the  adults  and  nymphs,  they  are 
very  difficult  pests  to  control.  The  best  methods  thus  far  developed  are 
spraying  or  dusting  with  nicotine  compounds.  Nicotine  sulfate  should 
be  used  at  the  rate  of  Y2  pint  to  each  50  gallons  of  spray  mixture.  If  the 
nicotine  sulfate  is  used  with  water  alone,  2  pounds  of  potash  fish-oil  soap 
should  be  dissolved  in  each  50  gallons  of  water.  If  used  with  Bordeaux 
mixture  the  soap  is  not  necessary.  For  a  few  vines  in  yards  or  gardens, 
the  solution  should  be  made  up  at  the  rate  of  1  tablespoonful  of  40  per 
cent  nicotine  sulfate  to  1  ounce  of  soap  in  each  gallon  of  water.  Great 
care  should  be  used  in  making  the  application  to  be  sure  that  the  under- 
sides  of  the   leaves    are    thoroughly    covered.     All  grape  leaf  hoppers, 
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whether  adults  or  nymphs,  which  are  liit  with  the  above  mixture,  will  be 

killed;  hut  ii  is  frequently  the  case  thai  poor  control  of  the  insect  is 
obtained  because  the  Bpray  is  not  thoroughly  applied.  To  prevent  the 
leafhoppers  from  escaping  the  Bpray,  a  boom  should  be  used  thai  will 
apply  the  Bpray  to  both  sides  of  the  leaves  at  once. 

.During  the  lasl  few  years,  experiments  conducted  in  some  of  the 
eastern  states  have  shown  that  a  2  per  cent  nicotine  dust,  thoroughly 
applied,  will  give  a  very  good  control  of  these  insects.  The  sprays  or 
dusts  should  be  applied  first  when  the  young  leafhoppers  become  numer- 
ous on  the  under  surface  of  the  leaves.  It  is  usually  necessary  to  make 
one  or  two  applications  for  the  first-generation  leafhoppers,  depending 
somewhat  on  the  season,  and  one  or  more  applications  for  the  second- 
generation.  As  the  adult  leafhoppers,  like  many  of  the  other  grape 
insects,  pass  the  winter  in  shelters  afforded  by  trash,  weeds,  or  grasses, 
thoroughly  cleaning  up  around  the  vineyards  is  of  value  in  controlling 
these  insects,  and  should  be  done  as  a  general  practice  in  the  vicinity  of 
grape  vineyards. 

Inferences. — Calif.  Agr.  Exp.  Sta.  Circ.  126,  1915;  Ariz.  Agr.  Exp.  Sta.  Circ.  146, 
1924;  Rept.  Entomol.  Soc.,  Out,  1922,  p.  48,  1922;  N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull. 
344,  1922;  U.  S.  Dept.  Agr.  Dept.  Bull.  19,  1914. 

Grape  Phylloxera1 

Importance  and  Type  of  Injury. — This  aphid  is  the  most  destructive 
grape  pest  known  in  the  western  United  States  and  Europe.  Fortu- 
nately for  the  grape  growers  of  the  eastern  United  States,  it  practically 
never  causes  serious  damage  in  this  section  of  the  country.  Within  25 
years  after  this  insect  was  introduced  into  France  from  America,  about 
18G0,  it  had  destroyed  nearly  one-third  of  the  vineyards  in  that  country. 
Small  galls  about  the  size  of  half  a  pea  form  on  the  leaf  surface  (Fig.  425), 
sometimes  so  numerous  as  practically  to  cover  the  entire  leaf.  The 
galls  are  open  on  the  underside  of  the  leaf.  They  contain  many  small, 
wingless,  yellowish  aphids.  Numerous  knots  or  galls  form  on  the  grape 
roots  and  rotting  of  the  roots,  yellowing  of  the  grape  foliage,  and  general 
decrease  in  vigor,  or  the  death  of  the  vines,  result  from  injury  by  this 
insect. 

Plants  Attacked. — Grape. 

Distribution. — General  in  North  America  where  grapes  are  grown. 

Life  History,  Appearance,  and  Habits. — The  life  history  of  this  insect 
is  extremely  complicated,  as  there  are  four  distinct  forms  of  adults, 
besides  the  immature  stages.  Only  a  brief  outline  of  its  life  history  can 
be  given.     The  winter  is  passed  both  as  eggs  attached  to  the  canes  of 

J  PhyUoxi  ru  vitifolia  Pitch,  Order  Bomoptera,  Family  Phylloxeridae. 
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the  grape  plants,  and  in  the  form  of  yellowish  aphids  on  the  nodules  or 
galls  on  the  grape  roots  (Fig.  126).  The  root -infesting  forms  become 
active,  reeding  on  the  roots  as  soon  as  growth  starts  in  the  spring.    The 

gs  on  the  cants  hatch  in  the  spring  after  the  foliage  of  the  grape  has 
come  out  and  the  yellow  aphids  developing  from  these  eggs  migrate  to 
the  leaves  where  they  begin  feeding.  This  injury  to  the  leaf  causes  the 
formation  of  galls.  As  soon  as  the  aphids  have  become  full-grown,  they 
give  birth  to  living  young  inside  the  galls,  and  these  young  shortly 
begin  forming  other  galls,  several  generations  being  passed  on  the  leaf. 
Some  of  these  leaf-inhabiting  aphids  drop  to  the  ground,  and  burrow 


Fig.  425. — Phylloxera  galls  on  wild  grape  leaf.  About  natural  size.  (From  Slingerland 
and  Crosby,  "Manual  of  Fruit  Insects."  Copyright,  1915,  by  the  Macmillan  Company. 
Reprinted  by  permission.) 


beneath  the  soil  to  the  roots,  where  they  cause  the  formation  of  the 
root  galls,  and  where  they  can  live  for  a  number  of  generations.  Toward 
the  fall  of  the  year,  winged  forms  are  produced  on  the  grape  roots  which 
leave  the  ground  and  lay  eggs  on  the  vines.  These  eggs  hatch  into  males 
and  true  females,  mating  takes  place,  and  each  fertilized  female  lays  a 
single  egg,  which  remains  on  the  cane  during  the  winter. 

Control  Measures. — In  the  eastern  United  States,  the  form  of  Phyl- 
loxera which  causes  the  galls  on  the  leaves  is  very  abundant,  especially 
on  some  of  the  native  grapes.  The  root-infesting  form,  while  present, 
is  very  rare  in  the  East  and  does  not  cause  any  serious  damage.  The 
insect  is  a  native  of  eastern  United  States,  and  the  grapes  growing  in 
that  section  have  acquired  practical  immunity  to  its  attack.  The 
best-known  and   most  effective  remedy  for  combating  this  insect,   is 
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the  grafting  of  European  grapes  on  rool  stalks  Dative  to  eastern  United 
States.  'This  practically  docs  away  with  any  Injury  by  the  insect. 
Nearly  all  of  the  grapes  sold  in  aurseries  are  grafted  on  Dative  root 
stalks.     In  certain  parts  of  Calif ornia,  and  in  Europe,  where  the  European 

root  stalks  arc  used,  the  insect  is  controlled  by  flooding  the  vineyards 
al   certain  times  during  the  season;  also  by 
soil  fumigation  with  carbon  bisulfide. 

References.— U.  S.  Dept.  Agr.  Dept.  Butt.  903, 
L921;  U.  S.  Dept.  Agr.  Tech.  Bull  20,  1928. 

I.  CURRANT  INSECTS 

FIELD  KEY  FOR  THE  IDENTIFICATION 
OF  INSECTS  INJURING  CURRANTS 

1.  Scales  up  to  M  inch  across,  rounded  in  outline, 
with  B  grayish,  nipple-shaped  projection  in  the  center 
are  clustered  or  distributed  singly  over  the  bark  of  the 
currant.  Lemon-yellow,  sack-like,  sucking  insects  on 
the  bark  under  the  scale.  Infested  plants  often  so 
heavily  covered  as  to  entirely  coat  the  bark  and  kill 
the  plants.     San  Jose  scale,  page  632. 

2.  Greenish,  many-legged  worms  with  black- 
spotted  bodies,  up  to  1  inch  in  length,  feed  on  the  edges 
of  the  currant  leaves.  Injury  usually  starts  about  the 
time  the  plants  come  into  full  foliage,  and  is  first 
noticeable  in  the  center  of  the  bushes.  Black-bodied, 
wasp-like  sawflies,  about  Y±  inch  in  length,  deposit 
pearly-white,  elongated  eggs,  in  rows,  on  the  vines  and 
midrib  on  the  underside  of  the  currant  leaves.  Im- 
ported currant  saw  fly,  page  633. 

3.  Currant  canes  put  forth  undersized  foliage  in 
the  spring,  the  tips  of  the  canes  often  being  dead  and 
sometimes  broken  off.  Burrows  running  the  entire 
length  of  the  cane,  mainly  in  the  pith,  and  containing 
yellowish,  grub-like  larva?,  about  3^  inch  long.  Small 
round  holes  bored  through  the  sides  of  the  cane  and  in 

the  early  spring,  covered  with  a  silken  web.  Yellow  clear-winged  moths  fly  very 
actively  about  the  currant  bushes  in  the  early  summer.     Currant  borer,  page  632. 

4.  Currant  leaves  show  bright-red,  cupped,  or  wrinkled  areas.  Numerous,  small, 
greenish-yellow,  somewhat  flat-bodied  aphids  on  the  undersides  of  the  curled  and 
distorted  leaves.  Where  injury  is  severe  the  leaves  drop  from  the  plants.  Cur- 
rant aphid,  page  634. 

5.  Small  whitish  areas  on  the  upper  sides  of  the  currant  leaves.  Leaves  turn 
brown  and  drop.  New  growth  of  the  currant  wilts  and  die-.  During  late  spring, 
bright-red  wingless  bugs,  with  black  dot-  <>n  the  thorax,  and  yellow  stripes  on  the 
sides.  Buck  the  sap  from  the  leaf  and  new  twig  growth.      Yellowish  adult  bugs,  about 

1 .;  inch  long  by  one-half  as  wide,  with  two  distinct  black  stripes  on  each  wing  cover. 
feed  on  the  currant  leaves  and  new  growth  during  late  summer.  Four-lined  plant 
bug,  page  635. 


Fig.  426. — The  grape  phyl- 
loxera, Phylloxera  v  itifolice 
Fitch,  a,  galls  on  grape  roots 
caused  by  feeding  of  the  insects; 
b,  gall  much  enlarged  w  i  t  h 
aphids  feeding;  c,  adult  aphid, 
greatly  enlarged;  d,  shed  skin  of 
the  same.  (From  Herrick, 
"  Manual  of  Injurious  Insects.") 
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-  w  ,in>K  Scale 

The  Sail  .lost'  scale   is  a  serious  pest    of  currants,   and   will  soon   kill 
out  currant  hushes  if  a  plantation  becomes  infested  and  no  treatment  is 
given.     It  is  easily  controlled  hy   the  application  of  lime- 
sulfur  or  oil  emulsions  as  recommended  for  the  control  of 
this  insect  on  the  apple.     See  page  539. 
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Imported  Currant  Borer1 

Importance  and  Type  of  Injury. — This  insect  is  of  Euro- 
pean origin  but  is  now  well  distributed  in  America.  It  is 
almost  sure  to  cause  trouble  in  both  commercial  and  garden 
currant  plant  at  ions.  Canes  with  yellowish  undersized  foliage 
appearing  on  them  in  the  spring.  Such  canes  usually  die 
within  2  or  3  weeks.  Dead  canes  usually  with  the  tips  broken 
off  showing  a  burrow  running  nearly  the  entire  length  of  the 
cane,  partly  in  the  pith  and  partly  in  the  wood. 

Plants  Attacked. — Gooseberry,  black  elder,  sumach,  and 
currant.  The  insect  is  more  destructive  to  the  black  than 
to  the  red  currant. 

Distribution. — Throughout  North  America. 
Life  History,  Appearance,  and  Habits. — This  insect  passes 
the  winter  as  nearly  full-grown  yellowish  borers,  or  larvae, 
about  Yi  inch  long,  which  will  be  found  inside  the  canes 
usually  a  short  distance  above  the  ground  (Fig.  427).  The 
__  larvae  feed  a  little  in  the  spring,  and  eat  an  exit  hole  through 
Imported  cur-  the  side  of  the  cane  which  they  cover  with  a  silken  web. 
?nt  J^or/r'  They  transform  to  the  pupal  stage  inside  the  burrow  a  short 
tipuli/ormis  distance  from  this  exit  hole.  The  adult  insects  emerge  dur- 
Linno,    m  its  jng  june  or  July    jn  central  Illinois.     They  are  black-and- 

burrow   ready  J  '  J 

to  pupate,  yellow,  clear-winged  moths,  about  Yi  inch  long,  which  one 
Enlarged  one-  would  readily  mistake  for  small  wasps.  They  are  extremely 
Sling erl and  active,  flying  with  great  rapidity.  They  deposit  their  eggs 
and  Crosby,  on  tne  Dark  0f  fae  currant  canes  and  the  grubs  hatching  from 

Manual      of  °  ° 

Fruit  insects,'1  these  eggs  bore  into  the  canes,  feeding  on  the  pith  and  the 
b^^^M915' w°od.     They  are  nearly  full-grown  by  midfall,  and  remain 
milian  Com-  in  the  canes  during  the  winter  as  above  stated. 
pany.     Re-        Control  Measures. — As  practically  no  external  feeding  is 

printed    by  r  J  ° 

permission.)  done  by  this  insect,  and  as  they  cannot  be  reached  with 
contact  sprays,  the  only  effective  method  of  control  is  to 
cut  out  and  burn  the  infested  canes.  This  can  best  be  done  shortly  after 
the  currant  leaves  appear  in  the  spring,  as  it  will  then  be  very  easy  to 
distinguish  the  infested  canes  because  of  their  weak,  sickly  appearance. 
1  Syrian  thedon  tipuliformis  Linne,  Order  Lepidoptera,  Family  Jilgeriidae. 
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The  canes  should  be  cut  close  to  the  ground  and  removed  and  burned 
before  the  last    week  in  May,  in  t  he  latitude  of  sout  hern  Illinois. 

Reference.     Wash,  Agr.  Exp.  Sta.  Bull.  36,  1898. 

Imported  Currant  Sawfly1 

Importance  and  Type  of  Injury. — This  insect  is  present  on  practically 
every  currant  hush  each  season,  and  control  measures  should  be  a  part  of 


Fig.  428. — Imported  currant  sawfly,  Pteronidca  ribesii  (Scopoli).  Adult  female  at 
upper  left,  empty  cocoon  at  upper  right,  male  below  it.  Characteristic  strings  of  eggs  on 
veins  on  underside  of  upper  leaf.  Larvae  of  several  instars  feeding  below.  Enlarged  about 
one-half.      (From  III.  State  Nat.  Hist.  Sur.) 


the  regular  routine  of  currant  growing.  Many-legged,  smooth,  greenish 
worms,  with  numerous  black  spots  over  their  bodies,  feed  on  the  edges  of 
the  currant  leaf  (Fig.  428).  When  disturbed,  the  worms  raise  the  front 
and  hind  part  of  their  bodies  from  the  leaf.  When  they  are  abundant  the 
leaves  are  stripped  from  the  currant,  the  injury  usually  starting  in  the 
thick  foliage  near  the  center  of  the  plant. 
/'hints  Attacked.  -  Currant  and  gooseberry. 

lPteronidea  ribesii    Scopoli),  Order  Hymenoptera,  Family  TenthredinidsB. 
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Distribution.  General  over  the  United  States  and  southern  Canada. 
Imported  from  Europe  about  1857. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  a 
small,  capsule-like  cocoon  on  or  near  the  surface  of  the  ground  in  the 
larval  or  pupal  stage.  The  adult  sawflies  (Fig.  428)  are  black,  about  '  > 
inch  long,  with  the  abdomen  marked  with  light  yellow.  They  deposit 
their  white,  flattened,  shining  eggs  in  rows  on  the  veins  and  midribs  of 
the  underside  of  currant  leaves  shortly  before  the  plant  comes  into  full 
foliage  (Fig.  428,  upper  leaf).  The  worms  hatch  just  about  the  time 
that  the  currant  leaves  are  full-grown,  and  feed  along  the  margins  of  the 
leaves,  consuming  the  entire  leaf  as  they  go.  They  feed  for  from  2  to  3 
weeks,  when  they  go  to  the  ground  and  transform  within  their  cocoons  to 
the  pupal  stage.  The  second  generation  of  the  insect  is  usually  not  as 
numerous  as  the  first,  and  appears  on  the  vines  during  late  June  or  July. 
A  partial  third  generation  occurs  in  the  South.  The  larvae  of  the  later 
generations  construct  cocoons  in  the  soil  in  which  they  pass  the  winter. 

Control  Measures. — These  insects  are  very  easily  killed  by  any  good 
stomach  poison.  For  the  first  generation,  the  vines  should  be  sprayed 
thoroughly  with  arsenate  of  lead,  at  the  rate  of  1  pound  to  50  gallons  of 
water,  or  1  ounce  to  3  gallons  of  water,  applying  this  spray  just  about  the 
time  the  currants  come  into  full  leaf.  Dusting  with  arsenate  of  lead 
mixed  with  equal  parts  of  hydrated  lime  is  equally  effective.  If  the 
second  generation  appears  just  before  the  fruit  is  ripe,  a  spray  of  hellebore, 
at  the  rate  of  2  ounces  to  each  gallon  of  water,  should  be  used  in  order  not 
to    poison  the  fruit. 

References. — S.  Dak.  10th  Rept.  Entomol.,  p.  26,  1919;  Can.  EntomoL,  Vol.  52,  p. 
106,  1920. 

Currant  Aphid1 

Importance  and  Type  of  Injury. — Currant  leaves  become  krinkled  or 
cupped  (Fig.  429).  The  leaf  surface  becomes  bright  red  in  color,  just 
above  the  points  where  the  cupping  occurs.  Numerous  small,  greenish- 
yellow,  somewhat  flat-bodied  aphids  are  found  on  the  undersides  of  the 
curled  and  distorted  leaves,  most  numerous  inside  the  cups. 

Plants  Attacked. — Currants  and  sometimes  gooseberry. 

Distribution. — Throughout  the  United  States  and  Canada. 

Life  History,  Appearance,  and  Habits. — The  currant  aphid  goes 
through  the  winter  in  the  form  of  shining  black  eggs,  which  are  found  on 
the  canes  of  the  currant  plants,  particularly  on  the  new  growth.  The 
young  aphids  hatch  from  these  eggs  soon  after  the  leaves  appear  in  the 
spring.  They  crawl  to  the  leaves  and  suck  the  sap  from  the  underside. 
Their  feeding  soon  causes  the  distortion  of  the  leaf  described  above.  If 
very  numerous,  the  infested  leaves  will  drop  from  the  plants.     There  are 

1  Myzua  ribis  Linne,  Order  Homoptera,  Family  Aphididae. 
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;i  number  of  generations  each  season,  all  of  those  appearing  during 
the  sum  n  km-  consist  ing  of  females  which  give  birth  to  living  young  as  soon 
as  they  have  become  full-grown.     In  the  fall  of  t he  year,  these  females 

give   birth  to   males  and    females,  which  mate  and  deposit   their  eggs  on 

the  canes  where  the  insect  passes  the  winter. 

Control  Measures.  -The  aphids,  being  sucking  insects,  cannot  be 
controlled  by  any  stomach  poisons.  The  best  control  consists  in 
t  horoughly  Bpraying  t  he  undersides  of  the  loaves  early  in  the  season  wit  b  a 

nicotine  solution,  such  as  a  40  per  cent  nicotine  sulfate,  used  1  part  to 
800  parts  of  water,  or  x/i  pint  to  50  gallons  of  water.     Where  used  with 


Fig.  429. — Leaves  curled  and  cupped  by  currant  aphids.  (From  Slingerland  and 
Crosby,  ''Manual  of  Fruit  Insects,"  copyright,  1915,  by  the  Macmillan  Company.  Reprinted 
by  permission.) 

water  alone,  soap  should  be  added  at  the  rate  of  2  pounds  of  potash  fish-oil 
soap  to  each  25  gallons  of  water.  Arsenate  of  lead  can  be  combined  with 
this  spray,  controlling  the  sawfly  and  other  leaf-feeding  insects  as  well  as 
the  aphids.  Dusting  with  a  2  per  cent  nicotine  dust  also  is  quite  effective 
for  the  control  of  this  insect.  In  spraying,  or  dusting,  care  must  be  used 
to  get  the  material  on  the  underside  of  the  leaves  and  up  into  the  ridges 
and  cup-shaped  depressions  caused  by  the  feeding  of  the  aphids. 

References. — N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  517,  1924;  N.  Y.  (Geneva)  Agr. 
Exp.  Sta.  Bull.  139,  1897. 

Four-lined  Plant  Bug1 

Importance  and  Type  of  Injury. — Where  this  insect  is  feeding  on  the  leaves  of 
currants,  small  whitish  dots  appear  on  the  upper  sides  of  the  leaves.  If  the  insect  is 
abundant,  these  areas  come  together,  the  leaf  turns  brown,  and  usually  drops.  New 
growth  of  the  currant  will  sometimes  wilt  where  thifl  l>ug  has  fed  upon  it. 

1  Pcecilocapxus  lincatus  Fabricius,  Order  Ilemiptera,  Family  Mirida-. 
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I 'In  nts  Attacked.-  General;  gooseberry,  rose,  and  many  other  shrubs  and  herbaceous 

plants. 

Distribution. — General  east  of  the  Rocky  Mountains. 

Life  History,  Appearance,  and  Habits.— This  insect  passes  the  winter  in  the  form 
of  slender  white  eggs,  about  '  r,  inch  Long,  which  are  inserted  in  slits  in  the  cam-  of 
currants  ami  other  plants.  Several  eggs  are  generally  laid  at  one  place,  'liny  arc 
forced  into  the  cane  at  right  angles  to  the  Long  axis  of  growth,  the  tips  of  the  eggs 
usually  protruding  from  the  cane.  The  eggs  hatch  from  May  to  the  latter  part  of 
June.  The  bright-red,  crawling  nymphs  have  black  dots  on  the  thorax  and  in  the 
last  stage,  a  yellow  stripe  on  each  side  of  the  wing  pads.  They  feed  by  inserting  their 
beaks  in  the  leaves  and  new  twig  growth  and  sucking  the  sap.  They  become  full- 
grown  in  about  a  month  to  6  weeks.     The  adult  insects  (Fig.  430)  are  nearly  3-3  inch 


Fig.  430. — Four-lined  plant  bug,  Pcecilocapsus  lineatus  Fabricius.  Adult,  natural 
size  and  enlarged.  {Reprinted  from  "Insect  Pests  of  Farm,  Garden  and  Orchard"  by  Sanderson 
and  Peaira,  published  by  John  Wiley  &  Sons,  Inc.) 

long,  of  a  general  greenish-yellow  color,  with  four  distinct  black  stripes  down  the 
wing  covers  on  the  back.  In  the  fall,  the  female  insects  lay  their  eggs  in  the  canes  as 
above  described.     There  is  but  one  generation  of  the  insect  each  year. 

Control  Measures. — As  these  insects  are  exceedingly  active,  they  are  somewhat 
hard  to  control.  The  best  method  is  to  spray  with  a  strong  contact  poison  such  as  a 
40  per  cent  nicotine  sulfate,  used  at  the  rate  of  1  part  to  600  parts  of  soapy  water;  or 
to  dust  with  a  4  per  cent  nicotine. 

Reference.— N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull,  58,  1893. 


J.  GOOSEBERRY  INSECTS 


The  gooseberry  is  injured  by  much  the  same  insects  as  the  currant. 
San  Jose  scale  is  often  very  destructive  on  gooseberry,  but  is  not  nearly 
so  conspicuous  on  this  plant  as  on  the  currant,  the  heaviest  infestation 
often  occurring  close  to  the  ground.  If  the  scale  is  present  in  the  vicinity 
of  gooseberry  plantations,  they  should  be  thoroughly  sprayed,  even 
though  a  casual  examination  does  not  show  much  scale  on  the  canes. 
The  imported  currant  sawfly  is  fully  as  destructive  to  the  gooseberry  as 
to  the  currant,  and  can  be  controlled  by  the  same  measures.      The  goose- 
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berry-fruit  worms1  feed  on  the  pulp  <>f  t he  fruits,  causing  browning  al 
the  blossom  end,  premature  coloring  and  often  the  drying  up  of  the 
berries. 

A'.  RASPBERRY  INSECTS 

FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  THE 

RASPBERRY 

1.  [irregular  rows  of  minute  round  punctures,  each  about  the  diameter  of  a  pin  and 
extending  into  the  pith  of  th<>  raspberry.  The  raspberry  cane  frequently  dies  above; 
these  punctures,  or  splits  and  breaks  off  during  the  winter.  Cricket-like,  pale-green 
insects,  about  1  inch  in  length,  with  very  Long  feelers  and  long  hind  legs  crawl  about 
over  the  plants  and  insert  their  eggs  in  the  canes  during  the  late  summer.  Tree 
crickets,  page  037. 

2.  Fleshy  enlargements  or  swellings  of  the  raspberry  canes,  up  to  several  inches 
long,  and  '  •_>  inch  or  more  in  diameter.  Slender,  white-bodied  grubs,  up  to  Y  inch  in 
length,  feed  on  the  pith  of  the  canes  in,  or  near,  the  swollen  areas.  Dull,  bluish-black 
beetles,  !  <j  inch  in  length  by  Y  as  wide,  with  a  dull  coppery-red  area  on  the  back  just 
behind  the  head,  are  found  on  the  canes  during  late  spring  and  summer.  Red-necked 
COM  borer,  page  639. 

3.  Buds  and  blossoms  of  the  raspberry  with  numerous  holes  eaten  in  them;  leaves 
partly  skeletonized;  whitish  grubs  about  Y  inch  long,  feed  inside  the  ripening  fruit. 
Small  light-brown  beetles  about  Y  inch  in  length  feeding  on  the  tender  leaves  and 
newly  opening  buds.  American  raspberry  beetle,  Byturus  unicolor  Say  (see  Ohio  Agr. 
Exp.  Sta.  Bull.  202,  1909). 

4.  Raspberry  leaves  with  pale-green,  spiny,  many-legged  worms  feeding  on  the 
edges  of  the  leaf.  Insects  more  abundant  about  the  time  raspberry  comes  into  full 
foliage,  sometimes  nearly  stripping  the  plants  of  leaves.  Raspberry  sawfly,  Monophad- 
noides  rubi  Harris  (see  N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  150,  1898). 

5.  Bases  of  raspberry  plants,  particularly  on  the  more  heavily-shaded  parts  of  the 
stem,  covered  with  white,  scurfy-appearing  scales.  Reddened  areas  on  the  bark 
around  the  points  where  the  scale  is  attached.  These  scales  are  about  Y  inch  across 
when  full-grown,  rounded  in  outline  and  flattened.  In  the  winter  many  reddish  eggs 
will  be  found  beneath  the  protecting  scale.  Rose  scale,  Aulacaspis  rosce  Bouche 
(see  Essig,  " Insects  of  Western  North  America,"  p.  307,  1926). 

Tree  Crickets2 

Importance  and  Type  of  Injury. — The  insects  known  as  tree  crickets 
(Fig.  432)  sometimes  cause  injury  to  tree  and  bush  fruits.  Small  round 
holes  about  the  diameter  of  a  pin  (Fig.  431)  are  drilled  singly  in  the  twigs 
or  brambles.  In  each  hole,  which  extends  into  the  cambium  or  sapwood, 
the  insect  deposits  a  single  pale  yellow  egg,  about  J6  mcn  long.  The 
punctures  are  usually  made  in  a  single  row  along  one  side  of  the  cane  or 
stem,  sometimes  as  many  as  50  to  75  in  a  row,  and  about  25  to  the  inch. 
These  egg  punctures  often  serve  as  the  entrance  points  for  tree  and 
bramble    diseases.      Canes    frequently    die    above    these    punctures,    and 

1  Zophodia  gro8sularuE  Riley  and  Zophodia  franconiella  Bulst,  Order  Lepidoptera, 
Family  Pyralididae 

l(Ecanthua  nivew  DeGeer,  (Ecanthtu  niffricornis  Walker,  and  others,  Order 
Orthoptera.  Family  Gryllicke. 
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where  they  are  numerous  the  canes  split  and  break  off.  The  adult 
insects  arc  sunn  I  inns  very  injurious  by  eating  holes  in  ripe  fruits. 

Plants  Attacked. — Apple,  prune,  plum,  peach,  cherry,  raspberry, 
loganberry,  blackberry,  and  others. 

Life  II istori/,  Appearance,  ami  Habits. — The  insects  winter  in  the  egg 
stage  in  twigs  or  brambles,  the  young  hatching  in  the  spring.     The 


I  2  3 

Fig.  431. — Egg  punctures  of  a  tree  cricket  in  raspberry  canes. 

Agr.  Exp.  Sta.  Bull.  388.) 


(From  N.    Y.   (Geneva) 


pale-green  slender  nymphs  (Fig.  80)  feed  on  the  foliage  of  various  plants 
or  on  small,  sluggish  insects,  fungi,  pollen,  or  ripe  fruits.  They  grow 
rather  slowly,  reaching  the  adult  stage  in  late  summer.  The  adults  have 
somewhat  the  appearance  of  a  cricket,  but  are  pale  green  in  color  and 
have  a  longer,  more  slender  body  and  smaller  heads.  The  antennae,  or 
feelers,  projecting  from  the  front  of  the  head,  are  much  longer  than  the 
body.  The  males  have  the  wings  flat,  with  stiff  veins  and  adapted  to 
making  sounds.  The  songs  of  the  males  in  late  summer  are  described  as 
a  series  of  short,  clear,  musical  whistling  notes,  indefinitely  repeated, 
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often  synchronized,  and  varying  in  frequency  with  the  temperature. 
The  females  deposit  i  heir  eggs  in  i  he  fall,  and  i  here  is  only  one  general  ion 
each  year. 


Fig.  432. — The  snowy  tree  cricket,   (Ecanthus  niveus  De  Geer,   characteristic  posture  of 
female  in  act  of  laying  eggs.      (From  N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  388.) 

Control  Measures. — Spraying  or  dusting  with  arsenicals  in  early 
summer,  while  the  crickets  are  young,  has  given  complete  control.  Burn- 
ing old  canes  after  the  last  crop  has  been  removed  aids  in  control. 

References. — N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bull.  388,  1914;  Ore.  Agr.  Exp.  Sta. 
Bull.  223,  1926. 

Red-necked  Cane  Borer1 

Importance  and  Type  of  Injury. — The  injury  caused  by  this  beetle  is  shown  by 
enlargements  or  swellings  of  the  raspberry  or  blackberry  canes  (Fig.  433).  The  canes 
frequently  die  and  sometimes  break  off  at  the  point  where  the  swelling  occurs. 

Plants  Attacked. — Raspberry,  blackberry,  and  dewberry. 

Distribution. — Eastern  United  States. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the  form  of  a 
slendir  white  grub  inside  the  pith  of  the  raspberry  cane.  These  grubs  arc  about  H 
Inch  in  length.  In  the  spring  they  complete  their  growth,  change  inside  the  stem  to  the 
pupal  stage,  and  emerge  during  May  and  June  as  dull,  bluish-black  beetles,  with  a 
metallic  lustre,  about  %  inch  in  length  by  one-fourth  as  wide,  with  a  coppery-red 

1  Agrilis  ruficollis  Fabricius,  Order  Coleoptera,  Family  Buprestidae. 
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or  brassy  prothorax.  These  beetles  lay  their  eggs  in  the  bark  «>f  the  oane,  usually 
near  the  base  of  the  Leaf.  The  young  larva  burrow  upward  in  the  sapwood,  and  a]  o 
around  the  cam',  sometimes  making  several  girdles,  and  causing  the  formation  of  the 

galls  or  swellings.  There  is  hut  one  generation  of  tin- 
insect  each  year. 

Control  Measures. — The  only  method  of  control 
is  to  cut  out  the  infested  canes  during  the  winter, 
I  turning  the  galls,  thus  destroying  the  young  larva- 
within  them. 

Reference. — U.  S.  Dept.  Agr.  Farmers'  Hull.  1286, 
1922. 

L.  BLACKBERRY  INSECTS 

The  blackberry  is  comparatively  free  from 
insect  injuries.  It  is  infested  to  some  extent 
by  the  rose  scale,  reference  to  which  has  been 
made  under  Raspberry,  page  G37.  The  canes 
are  occasionally  punctured  by  tree  crickets 
(p.  637).  The  larva  of  a  wasp  known  as  the 
blackberry  leaf  miner,1  works  in  the  leaves, 
but  is  rarely  abundant  enough  to  cause  serious 
injury.  The  raspberry  sawfly  (p.  637),  also 
attacks  the  blackberry,  and  can  be  controlled 
by  the  same  methods  recommended  for  other 
sawflies  on  p.  634.  The  canes  of  the  black- 
berry are  occasionally  injured  by  the  larvae  of 
the  red-necked  cane  borer  (p.  639),  which 
causes  irregular  swellings  or  galls  along  the 
canes.  The  insect  is  rarely  numerous  enough 
to  be  considered  of  any  economic  importance. 
Leafhoppers  (p.  627)  and  mites  (p.  448)  some- 
times become  thick  enough  on  the  foliage 
to  cause  a  whitening  of  the  leaves. 


Fig.  433.— Section  of  black- 
berry cane  showing  gall  or 
swelling  caused  by  larva  of  red- 
necked cane  borer.  (From  U. 
S.  D.  A.  Farmers'  Bull.  1286.) 


M.   STRAWBERRY  INSECTS 


FIELD    KEY    FOR    THE    DETERMINATION    OF    INSECTS    INJURING    THE 

STRAWBERRY 

A.  Insects  injuring  the  roots: 

1.  Small,  white,  brown-spotted  grubs,  about  %  inch  in  length,  feeding  on  the 
roots  of  strawberries  during  May  and  June.  Infested  plants  are  weakened  and  with 
poorly  colored  foliage.  Brownish  or  coppery-colored  beetles,  about  Y%  inch  long, 
feeding  on  the  foliage  of  strawberries  during  the  early  fall.  Strawberry  rootworms, 
page  043. 


1  Metallus  rubi  Forbes,  Order  Hymenoptera,  Family  Tenthredinidae. 
A  gr.  Exp.  Sta.  Bull.  87,  1910.) 


(See  Del. 
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2.  Large  while  grubs,  u|>  to  1  inch  in  length,  with  brown  heads,  usually  holding 
the  body  in  a  curved  position,  and  with  distinct,  well-developed,  slender  legs,  feed 
on  the  roots  of  strawberries  from  early  Bpring  bo  early  fall.     White  grubs,  page  646. 

:>.  Strawberry  plants  tacking  in  vigor,  foliage  of  a  pale  color,  the  fruit  drying  up,  or 

failing  to  mature  properly.  Koots  of  the  injured  plants  covered  with  dark,  bluish- 
green  aphids,  their  slender  beaks  inserted  in  the  roots,  from  which  they  suck  the  sap. 
I'sually  attended  by  small  brown  ants.  Aphids  of  the  same  description  feeding  on  the 
leaves  during  early  spring.     Strawberry  root  louse,  page  646. 

/>'.    Inserts  injuring  the  croirn  of  the  plant: 

1.  White 'thick-bodied  grubs,  about  \i  inch  in  length,  boring  in  the  crowns  of  the 
strawberry  plant.  Crown  of  the  plant  eaten  out  so  that  it  dies  or  is  so  weakened  that 
very  few  runners  or  new  growth  are  produced.  Reddish-brown  snout  beetles,  about 
',-,  inch  in  length,  shelter  under  litter  or  about  the  plants  in  strawberry  fields  during 
the  winter.  Strawberry  crown  borer,  Tyloderma  fragarice  Riley  (see  Tenn.  Agr. 
Exp.  Sta.  Hull.  128,  1923). 

2.  Strawberry  plants  eaten  off  close  to  the  ground  by  curved-bodied,  light,  brown- 
headed  grubs,  about  }£  inch  long.  Grubs  most  abundant  during  late  spring  and 
again  during  the  late  summer.  Black  beetles,  Y§  inch  long,  with  a  short,  blunt  snout 
protruding  from  the  front  of  the  head,  clustered  about  the  bases  of  strawberry  plants 
and  sometimes  feeding  on  the  leaves.     Strawberry  crown  girdler,  page  644. 

C.  Insects  injuring  the  leaves: 

1.  Very  small,  green  or  metallic-blue,  jumping  beetles,  less  than  ^  inch  across, 
feeding  on  the  strawberry  plants  early  in  the  spring.  Leaves  riddled  with  small  round 
holes,  often  drying  up  and  turning  brown.     Strawberry  flea  beetle,  page  645. 

2.  Small  greenish  or  bronze  caterpillars  folding  or  rolling  together  the  strawberry 
leaves  and  feeding  within  the  rolled  portion.  Heavily  infested  plants  have  a  whitish 
appearing  foliage.  Injury  occurs  from  early  spring  until  early  fall.  Small  grayish- 
brown  moths,  about  }>i  inch  long,  the  wings  marked  with  wavy  bands  of  light  brown, 
fly  about  strawberry  beds  from  April  to  September.     Strawberry  leaf  rollers,  page  641. 

3.  Grayish,  plump-bodied  snout  beetles,  about  3^  inch  long,  the  wing  covers 
crossed  by  two  light  bands,  bent  down  at  the  end  and  terminating  in  an  acute  angle, 
and  most  of  the  body  covered  with  small  flattened  scales,  sometimes  defoliate  the 
plants.     Imbricated  snout  beetle,  page  533. 

D.  Insects  injuring  the  buds  and  fruits: 

1.   Buds  and  newly  formed  fruit  of  the  strawberry  dried  up  on  the  partly  severed 
stems,  or  entirely  eaten  off.     This  injury  is  caused  by  dark,  reddish-brown,  snout 
beetles,  from  K2  to  3^  inch  long,  which  make  punctures  in  the  buds,  in  which  they 
insert  eggs.     Very  small,  legless,  white,  soft-bodied  grubs,  feed  within  the  strawberry 
buds.     Strawberry  weevil,  page  643. 

Strawberry  Leaf  Rollers1 

Importance  and  Type  of  Injury. — Small  greenish  or  bronze  caterpillars 
fold  or  roll  the  strawberry  leaves  (Fig.  435),  fastening  them  together 
and  feeding  within.  The  leaves  have  a  brown  appearance  and  much  of 
the  foliage  is  killed.  Heavily  infested  beds  have  a  whitened  or  grayish 
appearance  instead  of  the  usual  green  of  healthy  strawberry  plants. 
Plants  Attacked. — Strawberry,  blackberry,  and  raspberry. 

1  A  nri/lis  com  plana  Frohlich  and  Archips  obsoletana  Walker,  Order  Lepidoptera. 
Fa  milv  Tortricidae. 
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Distribution.-  United  States  ranging  wesl  to  Colorado  and  [daho,  and 
southern  ( !anada. 

Life  History,  Appearance,  and  Habits.    The  winter  is  passed  in  the 
larval  and  pupal  stages,  the  pupa  inside  of  silken  cocoons  in  the  folded 

leaves,  and  the  larva-  in  silken  shelters  under  trash  on  the  surface  of  the 
ground.  In  the  spring  of  the  year,  the  larva*  transform  to  pupae  and  a 
little  later  emerge  as  small,  grayish  or  brownish  moths,  a  little  more  than 
an  inch  in  length.  The  wings  are  marked  with  wavy  bands  of  light  and 
dark  color.  In  southern  Illinois,  the  moths  are  abroad  in  April,  and  in 
the  northern  part  of  the  state  by  the  middle  of  May  or  a  little  earlier. 


Fig.  434.  Fig.  435. 

Fig.  434.— Larva  of  the  obsolete-banded  strawberry  loaf  roller,  Archips  obsoletana 
Walker,  on  leaf.  Three  times  natural  size.  (From  Slingcrland  and  Crosby  "Manual  of 
Fruit  I nsects,"  copyright,  1915,  by  the  Macmillan  Company.      Reprinted  by  permission.) 

Fig.  435.- — Strawberry  leaf  roller,  Ancylis  comptana  Frohlich.  Leaves  folded  by  larvae, 
slightly  reduced.      (From  Iowa  Agr.  Exp.  Sta.  Bull.  179.) 


They  lay  their  eggs  on  the  undersides  of  the  strawberry  leaves.  These 
eggs  hatch  in  about  1  week  and  the  caterpillars  coming  from  them  (Fig. 
434)  feed  on  the  upper  side  of  the  leaves  for  a  few  days,  drawing  the  leaves 
together  and  holding  them  with  fine  silken  threads.  They  feed  for  about 
1  month  and  then  transform  into  brown  pupae  inside  the  folded  leaves. 
There  are  probably  three  generations  each  year  throughout  most  of  its 
range. 

Control  Measures. — Spraying  the  plants  with  arsenate  of  lead  at  the 
rate  of  2  pounds  to  50  gallons  of  water  or  of  Bordeaux  mixture,  is  an 
effective  control.  The  spray  must  be  applied,  however,  before  the  leaves 
have  become  folded  to  any  extent,  as  the  poison  will  not  be  effective 
against  the  leaf  rollers  after  they  have  constructed  their  silken  cases. 
The  numbers  of  the  insect  may  be  kept  down  if  the  strawberry  beds  are 
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mowed  close  to  the  ground  and  burned  over  shortly  after  the  fruit    is 
picked. 

References.  Neb.  State  Entomot  Ore  7,  1908;  Iowa  Agr.  Exp.  Sta.  Bull  179,  L918. 
Iowa  Agr.  Exp.  Sta.  Cire.  1 L0,  L928. 

Strawberry  Weevil1 

Importance  and  Type  of  Injury. — The  work  of  this  beetle  kills  buds  and 
fruits.  Leaving  them  hanging  on  partly  severed  stems  (see  Fig.  5,  E). 

Plants  Attacked. — Strawberry,  wild  blackberry,  dewberry,  and 
cinquefoil. 

Distribution. — Eastern  United  States. 

Life  History,  Appearance,  and  Habits. — This  insect  passes  the  winter 
in  the  form  of  a  dark,  reddish-brown,  snout  beetle  from  Y\i  to  \^  inch 


Fig.  430.  —Strawberry  weevil,  Anthonomus  signatus  Say,  on  stem  of   strawberry.      About 
four  times  natural  size.      (From  Ark.  Agr.  Exp.  Sta.  Bull.  185.) 

long  (Fig.  436),  sheltered  under  trash.  These  adults  become  active  early 
in  the  spring,  about  the  time  the  strawberries  are  coming  into  bloom. 
The  adult  beetle  makes  a  puncture  in  the  strawberry  bud  with  her  long 
beak,  and  in  this  inserts  an  egg.  She  then  crawls  down  and  girdles  the 
stem  of  the  bud.  The  young  grubs,  which  are  legless,  white,  and  soft 
bodied,  feed  within  the  buds  and  after  about  4  weeks  change  within  the 
bud  to  a  pupal  stage.  The  adults  emerge  a  little  before  midsummer. 
They  feed  for  a  short  time  and  then  go  into  hibernation  quarters  about 
midsummer  and  remain  there  until  the  following  spring. 

Control  Measures. — Spraying  with  arsenate  of  lead  and  Bordeaux 
mixture  at  the  rate  of  2  pounds  of  arsenate  of  lead  in  50  gallons  of  4-6-50 
Bordeaux  is  fairly  effective  as  a  control  measure.  The  spray  should  be 
applied  just  before  the  strawberries  start  to  bloom. 

References.— Tenn.  State  Bd.  of  Entomol.  Bull.  30,  1919;  N.  J.  Agr.  Exp.  Sta.  BvU. 
324,  1918;  Ark.  Agr.  Exp.  Sta.  Bull.  185,  1923. 

Strawberry  Rootworms2 

Importance  and  Type  of  Injury.-  There  :tre  several  species  of  small  beetles,  the 
young  of  which   are  quite  injurious  to  strawberries.      Small,  white,   brown-spotted 

1  Anthonomus  signatus  Saw  Order  Coleoptera,  Family  Curculionictae. 

■Parte  {Typophorue)  caneUa  (Fabricius),  Colaspis  brunnea  Fabricius and Graphops 

pubescens  Melsheimer,  Order  Coleoptera,  Family  Chrysomelida 
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grubs  feeding  on  the  root-  of  tin-  strawberries  during  May,  .June  and  July.      I  I 
gruba  (Fig.  437)  are  about  !  s  inch  in  length,  and  are  very  much  emaller  than  the  com- 
mon white  grub.     The  foliage  of  strawberries  is  destroyed  by  small   bronse-brown 
or  oopper-eolored  adult  beetles,  aboul  's  inch  long  (see  also  pp,  717  and  313). 

PlanU   Attacked. — Strawberry,    raspberry,   grape,   rose,   and    many   other     plants. 

Distribution. — Over  most  of  the  United  States. 

Life  History,  Appearance,  and  Habits. — These  insects  pass  the  winter  as  full-grown 
beetles  (Fig.  438).  They  come  out  of  their  winter  shelters  during  April  or  May. 
The  females  deposit  their  eggs  in  the 
ground  near  the  plants.  The  young 
grubs  hatching  from  them  feed  on  the 
roots  for  about  3  months,  becoming  full- 
grown  during  August,  and  transforming 
to  a  pupal  stage  and  later  to  the  adult 
beetle.  The  beetles  do  considerable  feed- 
ing on  the  foliage  of  the  strawberry  during 
the  early  fall. 

Control  Measures. — These  insects  can 
be  effectively  controlled  by  spraying  with 
arsenate  of  lead  at  the  rate  of  2  pounds 
to  50  gallons  of  water,  applied  as  soon  as 


Fig.  437. — Strawberry  rootworm, 
Paria  candla  (Fabrieius).  Larva  or 
grub,  about  fifteen  times  natural  size. 
(From  U.  S.  D.  A.  Farmers'  Bull.  1344.) 


Fig.  438. — Adult  of  the  strawberry  root- 
worm  Paria  canella  (Fabrieius).  About 
ten  times  natural  size.  (From  U.  S.  D.  A. 
Farmers' Bull.  1344.) 


the  beetles  are  seen  on  the  foliage  of  the  strawberry  in  the  late  spring,  or  in  the  fall. 
The  time  of  appearance  will  vary  with  the  season. 

References.— U.  S.  Dept.  Agr.  Farmers1  Bulls.  1344,  1923  and  1362,  p.  59,  1922; 
Thirteenth  Rept.  III.  State  Entomol,  p.  159,  1883.  U.  S.  Dept.  Agr.  Dept.  Bull.  1357, 
1926. 

Strawberry  Crown  Girdler  or  Root  Weevil1 

Importance  and  Type  of  Injury. — Strawberry  plants  dying,  and  eaten  off  close  to 
the  ground,  by  fat,  curved  grubs  with  light  brown  heads. 

Plants  Attacked. — Strawberry  and  many  other  plants. 

Distribution. — Northen  United  States  and  Canada. 

Life  History,  Appearance,  and  Habits. — The  insect  passes  the  winter  in  both  the 
larval  and  adult  stages.  The  adults  are  nearly  black  beetles,  about  }i  inch  long  or  a 
little  less,  having  short  blunt  snouts  protruding  from  the  front  of  their  heads.  The 
grubs,  or  larva?,  are  white,  legless,  Y±  inch  long,  with  light-brown  heads,  and  hold  their 
bodies  in  more  or  less  of  a  curved  position.  The  grubs  begin  feeding  as  soon  as  the 
weather  becomes  warm  in  the  spring  and  about  the  same  time  the  beetles  leave  the 
shelters  in  which  they  have  passed  the  winter  and  gather  in  the  strawberry  beds. 

1  Brachyrhinus  ovatus  Linne,  Order  Coleoptera,  Family  Curculionidae. 


INSECTS  INJURIOUS  TO  Fin  its  645 

The  wing  coven  of  the  beel  lea  are  tightly  grown  together  and  the  insect  is  unable  to  fly. 
In  southern  Illinois,  the  insect  is  most  abundant  in  the  adult  Btage  during  May  and 
June,  and  again  in  late  July  and  August.  The  female  beetles  lay  small  white  eggs 
among  the  roots  of  the  strawberry  plants,  these  eggs  hatching  into  the  grubs  above 
described.     There  are  probably  two  generations  ;i  year  in  the  latitude  of  Illinois. 

Control  Measures.  Spraying  with  an  arsenical  is  a  very  effective  measure  of 
control.  Rotating  the  strawberry  beds  to  new  ground  which  has  not  h;ol  strawberries 
on  or  near  it  for  at  least  1  year  is  of  value.  Recent  work  in  Tennessee  has  shown  that 
this  insect  may  be  kept  out  of  the  strawberry  fields  by  constructing  a  barrier  of  tarred 
boards  around  the  new  fields.  In  the  west  a  poison  bait  of  ground  dried  apple  and 
an  arsenical  is  highly  recommended. 

References. — Me.  Agr.  Exp.  Sta.  Bull.  123,  1905;  Dorn.  Can.  Dept.  A gr.  Pamphlet 
5,  n.  s.  1922;  Wash.  Agr.  Exp.  Sta.  Bull.  199,  1920. 

Strawberry  Flea  Beetle1 

Importance  and  Type  of  Injury. — Very  small,  metallic-blue  beetles  feed  on  the 
foliage  of  the  strawberry  plants.  The  leaves  are  riddled  with  large  numbers  of  small 
round  holes,  often  drying  up  and  browning  around  these  holes. 

Plants  Attacked. — The  beetles  lay  their  eggs  on  strawberry,  evening  primrose,  and 
other  plants  of  the  same  family. 

Distribution. — Throughout  the  United  States  and  Canada. 

Life  History,  Appearance,  and  Habits. — These  beetles,  in  common  with  many  other 
kinds  of  flea  beetles,  hibernate  as  adults.  They  emerge  early  in  the  spring,  and  their 
principal  damage  is  done  before  the  strawberry  plants  bloom.  There  are  from  one  to 
two  generations  a  year,  the  larger  number  occurring  in  the  South. 

Control  Measures. — Thorough  spraying  of  the  strawberry  plants  with  4-0-50 
Bordeaux  mixture,  applied  whenever  the  insects  are  abundant,  is  very  effective. 
Usually  this  application  should  be  made  about  a  week  before  the  strawberries  bloom. 

Strawberry  Root  Louse2 

Importance  and  Type  of  Injury. — Strawberry  plants  are  lacking  in 
vigor,  the  foliage  of  a  pale  color.  The  fruit  dries  up  or  fails  to  mature 
properly. 

Plants  Attacked. — Strawberry. 

Distribution. — United  States  east  of  the  Rocky  Mountains. 

Life  History,  Appearance,  and  Habits. — These  insects  pass  the  winter 
in  the  form  of  black  shining  eggs  which  are  attached  to  the  leaves  and 
stems  of  the  strawberry  plant.  The  eggs  hatch  early  in  the  spring  into 
dark,  bluish-green  aphids  (Fig.  439),  which  feed  on  the  new  leaves  of 
the  strawberry.  Wherever  these  lice  become  abundant,  they  are  soon 
found  by  colonies  of  the  brown  corn  field  ant,  and  are  carried  by  these 
ants  to  the  strawberry  roots,  where  they  feed  by  sucking  the  sap  from 
the  roots.  There  are  a  number  of  generations  of  the  insect  during  the 
year.     All  of  those  occurring  in  the  field  during  the  summer  are  females 

1  Haltiea  ignita  Illiger,  Order  Coleoptera,  Family  Chrysomelid®. 
1  Aphis  forbesi  Weed,  Order  Homoptera,  Family  Aphididse. 
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and  reproduce  by  giving  !>irth  t<>  living  young.  ( >n  the  approach  of 
cold  weather  in  the  fall,  winged  females  are  produced.  These  make 
their  way  to  the  leaves  of  the  plant  and  there  give  birth  to  the  sexual 

females   and    males.      After    mating,    these    true    females   lay   the    winter 

eggs  above  described. 

Control  M ensures. — No  very  effective  control  measure  is  known.  In 
Betting  new  beds,  uninfested  plants  should  he  selected,  and  the  ground, 
wherever  beds  are  set,  should  be  given  a  thorough  and  deep  cultivation 


Fig.    439. —  Wingless   adult   female   of   the   strawberry   root   louse,    Aphis  forbesi    Weed. 
Greatly  magnified.     {From  III.  State  Nat.  Hist.  Sur.) 

in  the  early  spring,  to  break  up  and  drive  out  the  ants  which  may  be 
in  the  soil. 

References.— N .  J.  Agr.  Exp.  St..  Ball.  225,  1909;  Del  Agr.  Exp.  Sta.  Bull.  49,  1900. 

White  Grubs1 

White  grubs  or  grub  worms  are  among  the  insects  most  commonly 
injurious  to  strawberries.  Large  white  grubs  with  brown  heads  feed 
on  the  roots  of  the  strawberry  plants,  causing  the  plants  to  die  over 
areas  of  varying  size.  It  is  practically  impossible  to  clean  a  strawberry 
bed,  once  infested  with  white  grubs,  without  plowing  up  the  bed.  In 
setting  new  patches,  ground  should  be  selected  that  has  been  in  some 
clean-cultivated  crop  for  1  or  2  years  previously;  as  the  June  beetles 
prefer  to  lay  their  eggs  in  grass  land  or  land  with  a  heavy  growth  of 
grassy  weeds.  If  possible,  strawberry  beds  should  be  located  at  some 
distance  from  the  trees  on  which  the  beetles  feed  and  near  which  they 
usually  lay  their  eggs.  Thorough  cultivation  of  the  soil  in  the  spring 
before  the  plants  are  set  will  be  of  some  benefit,  but  will  not  clean  all 
of  the  grubs  out  of  the  soil  (see  further  discussion  of  white  grubs  on 
page  306). 

1  Many  species  of  Phyllophaga,  Order  Coleoptera,  Family  Searabreidse. 


CHAPTER  Will 
CITRUS  INSECTS 

No  at  tempt  is  made  in  this  publication  to  cover  thoroughly  the 
various  species  of  insects  which  cause  injury  to  citrus  trees.  A  few  of 
the  more  important  ones  are  treated.  For  more  complete  information, 
the  reader  is  referred  to  the  various  publications  put  out  by  the  states 
where  citrus  is  extensively  grown. 

References— U.  S.  Dept.  Agr.  Dept.  Bull.  907,  1920;  Fla.  Agr.  Exp.  Sta.  Bull.  183, 
1926;  148,  1918;  126,  1915;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1321,  1923;  933,  1918;  862, 
1917;  674,  1915;  Calif.  Agr.  Exp.  Sta.  Bull.  214,  1911;  Calif.  Fruit  Growers  Exchange, 
Bureau  of  the  Pest  Control,  Bull.  5,  1928;  Essig,  "Insects  of  Western  North  America," 
pp.  269-322,  1926. 

FIELD  KEY  FOR  THE  DETERMINATION  OF  INSECTS  INJURING  CITRUS 

FRUITS 

A.   Motionless  insects,  covered  by  a  firm,  waxy  shell,  on  fruits,  leaves  or  twigs: 

1.  Foliage  of  trees  showing  yellow  leaves  or  brown  areas  which  break  out  of  the 
leaves.  Fruits  uneven  in  color,  with  elongate,  oyster-shell-shaped  scales  attached  to 
the  skin  of  the  fruit.     Many  dead  twigs.     Long  scale  or  purple  scale,  page  649. 

2.  Leaves  entirely  yellow  or  spotted  with  yellow.  No  honeydew  on  the  leaves  or 
fruits: 

(a)  Many  yellow  spots  on  the  fruits.  Entire  branches  of  trees  covered  with  a 
thin  coating  of  circular  yellowish  or  reddish  scales,  about  ^2  inch  in 
diameter.     California  red  scale,  page  650. 

(b)  A  sprinkling  of  purplish-red  round  scales  on  leaves  and  fruit  only.  Florida 
red  scale,  page  650. 

3.  Foliage  of  trees  somewhat  discolored.  Fruits  and  leaves  covered  with  honey- 
dew  or  a  black,  sooty  growth  of  mold.  Bodies  of  insects  not  covered  with  a  separable 
shell: 

(a)  Nearly  round  scales,  about  }>£  inch  across,  of  a  brown  or  blackish  color, 
often  with  a  raised  "H"  on  the  back,  are  found  over  the  twigs,  leaves,  and 
fruits.     Black  scale,  page  652. 

(6)  Oval  brownish  scales  on  twigs  and  leaves,  up  to  Y§  inch  long  and  very  flat. 
Soft  brown  scale,  page  704. 

(c)  Large  white,  cottony,  fluted  objects,  nearly  \^  inch  long,  on  the  twigs. 
Smaller,  oval,  yellowish-brown  scales  on  the  leaves.  Cotton)/  cushion  scale, 
page  57. 

B.   Inserts  usually  more  or  less  active;  not  covered  with  a  separable  shell: 

1.  Leaves  of  trees  showing  pale  spots  and  with  light  webs  on  their  under  surface. 
Minute  red  or  yellow  mites  on  the  leaves  or  fruits.  Fruits  with  a  grayish  or  silvery 
sheen  to  the  Bkin.     Frail  drops.     Red  spiders,  page  663. 

2.  Flowers  and  buds  show  retarded  growth  and  the  new  growth  distorted.  Many, 
tiny,  slender,  dark  or  yellowish  insects  among  buds  and  flowers.  Skins  of  fruits  show 
erect  shallow  scabs  or  smooth  scars.     Thrips,  page  654, 
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3.  Masses  of  cottony  white  material  covering  flat,  oval,  purplish,  soft-bodied  bugs 

on  leaves  or  at  the  angle's  where  fruits  touch.      Fruits  OOated  with  very  sticky  hoiuv- 
dew  or  black  sooty  mold.      Meal;/  buys,  page  666, 

4.  Foliage  of  trees  covered  with  honeydew  or  blackened  with  a  heavy  growth  of 
BOOty  mold.  Fruits  undersized  or  of  poor  color.  At  certain  seasons,  very  small  white 
insects  fly  from  the  tender  growth  of  trees  when  disturbed.  Small  pale-green,  short- 
oval,  flat,  scale-like  nymphs  fixed  to  the  underside  of  the  leaves.  Brown,  bright-red, 
or  yellow  fungi  often  growing  on  the  bodies  of  the  nymphs.      Whitefiies,  page  667. 

5.  Foliage  more  or  less  tightly  curled  and  more  or  less  covered  beneath  with  soft- 
bodied  plant  lice.     Aphids,  page  442. 

6.  Fruits  russet-brown  or,  on  grape  fruit,  chamois  color,  but  smooth.  Rust  mite, 
page  058. 

(  Jitrus  Scale  Insects 

The  scale  insects  of  citrus  are  probably  the  most  destructive  of  any 
group  of  insects  which  attack  these  trees.  As  with  the  greenhouse 
scales,  the  citrus  scales  can  be  divided  into  three  classes,  armored 
scales,  unarmoured  scales,  and  mealy  bugs. 


Armored  Scales 

In  this  class  of  scales,  a  protective  covering  of  wax  is  secreted  from 
the  body  of  the  insect  to  form  two  protective  scales,  one  above  and  the 
other  beneath  the  body  of  the  scale.  The  upper  covering  is  thick  and 
hard,  the  lower  plate,  or  scale,  is  very  thin  and  delicate,  fitting  closely 
to  the  surface  of  the  plant  where  the  insect  is  feeding.  In  this  class  of 
scales,  the  eggs  are  laid  under  the  protective  scale,  or  in  some  cases,  the 
young  are  born  alive.  In  either  case,  the  young  scales  move  about  for 
a  short  time,  select  a  favorable  location  on  their  food  plant,  and  there 
insert  their  beaks,  and,  in  the  case  of  the  females,  do  not  move  for  the 
remainder  of  their  lives.  On  starting  to  feed,  they  begin  to  secrete 
fibers  of  wax,  which  form  the  covering  or  scale  over  the  body.  The 
insects  molt  or  shed  their  skins  very  shortly  after  beginning  to  suck  the 
sap,  and  at  this  first  molt  lose  their  legs.  The  females  later  molt  a  second 
time  and  become  adults;  while  the  males  after  a  further  metamorphosis, 
develop  into  small  two-winged  adults,  which  are  incapable  of  feeding. 
They  mate  with  the  females  and  die  very  shortly  thereafter.  The 
female  after  being  fertilized  increases  quite  rapidly  in  size  and  pro- 
duces her  eggs,  or  begins  giving  birth  to  living  young.  The  scales 
that  attack  citrus  develop  more  slowly  during  the  colder  periods  of 
the  year,  but  all  stages  of  these  insects  can  usually  be  found  on  trees 
at  any  season.  Some  of  the  most  destructive  of  the  armored  scales  are 
the  purple  scale,  the  long  scale,  the  yellow  scale,  and  the  orange,  or  red, 
scales. 
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Purple  Scale1 

Importance  and  Type  of  Injury.  The  foliage  of  trees  infested  by  the 
purple  scale  turns  yellow  about  the  areas  where  the  scales  .-in'  feeding. 
In  Florida  these  yellow  areas  may  turn  brown  and  break  out,  making 
holes  through  the  leaves.  Fruit  attacked  by  this  scale  is  stunted,  ripen- 
ing is  delayed,  t  lie  coloring  of  the  fruit  is  very  uneven,  and  flavor  is 
affected.  The  scales  are  difficult  to  remove  from  the  fruit  before  market- 
ing, requiring  a  vigorous  scrubbing  to  detach.  Their  feeding  also  permits 
the  entrance  of  various  fungi. 


Fig.  440. — The  purple  scale,  Lepidosaphes  beckii  (Newman),  male  and  female  scales  on 
orange  leaf,  about  five  times  natural  size.  (From  Essig,  "Insects  of  Western  North  America" 
copyright,   1926.  by  the  Macmillan  Company.     Reprinted  by  permission.) 

Distribution. — This  insect  is  the  most  important  pest  of  orange  groves 
in  Florida.  It  is  of  considerable  importance  in  California,  but  in  that 
state  is  mainly  confined  to  some  of  the  coastal  sections. 

Plants  Attacked. — The  purple  scale  is  primarily  a  pest  of  citrus  fruit, 
and  particularly  of  the  orange  and  grapefruit.  It  also  occurs  on  avocado, 
croton,  eucalyptus,  fig,  olive,  yew,  and  other  plants. 

Life  History,  Appearance,  and  Habits. — The  female  scale  deposits 
her  eggs  beneath  the  waxy  coating,  dying  soon  after  her  full  quota  of 
eggs  are  laid.  These  eggs  hatch  in  from  2  to  3  weeks.  The  young  pale- 
white  scales  crawl  about  the  bark  for  a  short  time.      In  Florida  they  are 

1  L< vpidoBaphi  a  beckii  (Newman),  Order  Homoptera,  Family  Coccids.  The  long 
scale.  Lepidosaphes  gloveri  (Packard),  is  very  similar  to  the  purple  scale  but  is  much 
narrower  and  straighter. 
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said  to  be  st  rongrj  repelled  by  light ,  and  to  seek  t  he  shaded  part  of  I  he  I  pee 
and  fruit  as  a  place  for  inserting  their  beaks  before  starting  to  feed.     They 

are,  however,  repelled  bj  total  darkness,  seeking  a  position  somewhat 
intermediate  between  that  of  exposure  to  sunlight  and  the  most  heavily 
shaded  parts  of  the  tree.  The  first  molt  occurs  in  about  18  or  20  days, 
after  which  the  insect  forms  a  thicker  scale  which  is  of  a  reddish  or 
purplish-brown  color.  The  full-grown  scale  is  about  J6  inch  long,  and 
shaped  like  an  oyster  shell  (Fig.  HO).  After  the  insects  have  fed  for 
about  2  months,  the  males  change  to  two-winged,  active  insects,  fly  about, 
and  mate  with  the  females,  which  shortly  begin  to  deposit  their  eggs. 
Each  female  lays  from  40  to  50  eggs  underneath  her  protective  scale.  In 
Florida,  there  are  three  main  generations  a  year. 

Control  Measures. — In  Florida,  it  has  been  found  possible  to  control 
the  purple  scale  and  the  whitefly  by  the  same  applications.  The  more 
thorough  spraying,  however,  is  usually  required  for  the  control  of  the 
purple  scale.  The  Florida  Experiment  Station  recommends  the  following 
control  measures:  Spraying  with  an  oil  emulsion  made  after  the  formula: 

Fish-oil  soap 8  pounds 

Paraffin  oil 2  gallons 

Water 1  gallon 

or  one  composed  of: 

Fish-oil  soap 2  pounds 

Light-grade  lubricating  oil 2  gallons 

Water 1  gallon 

The  stock  emulsion  should  be  used  at  a  1  to  2  per  cent  strength  in  soft 
water.  The  latter  spray  should  be  mixed  and  prepared  according  to  the 
recommendations  given  for  the  preparation  of  oil  emulsions  on  page  250. 
Under  average  conditions,  the  spray  should  be  applied  in  May  and  again 
in  September  or  early  October.  Two  sprays  are  all  that  are  generally 
required  to  keep  down  this  scale,  if  they  are  applied  with  sufficient 
thoroughness.  In  California,  and  to  a  lesser  extent  in  Florida,  fumiga- 
tion with  either  liquid  hydrocyanic  acid  or  calcium  cyanide  is  used. 

Reference.— Calif.  Agr.  Exper.  Sta.  Bull.  226,  1912. 

California  Red  Scale1 

Importance  and  Type  of  Injury. — This  is  one  of  the  worst  of  the 
armored  scales  occurring  on  citrus  trees  in  California.  In  Florida,  the 
scale  is  of  comparatively  little  importance.  A  similar  scale  known  as  the 
Florida  red  scale,2  is  of  much  importance  in  that  state,  where  it  performs 
a  similar  injury  except  that  it  attacks  the  leaves  and  fruit  only.     No 

1  Chrysomphalua  aurqntii  (Maskell),  Order  Homoptera,  Family  Coccidae. 

-  Chrysom phctius  aonidum  (Linne),  Order  Homoptera,  Family  Coccidse  (Fig.  472). 
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injury  from  the  secretion  of  honeydc^  occurs  to  trees  where  this  scale  is 
present,  I >i it  as  the  California  red  scale  infests  all  parts  of  the  i\<<-. 
including  t  he  Leaves,  t  wigs,  and  fruit ,  its  Feeding  is  often  a  serious  mal  ter. 

Infested  t  Pees  have  t  lie  leaves  spot  ted  wit  li  yellow  or  entire  leaves  turning 
yellow  and  yellow  spots  on  the  fruit,  but  not  the  marked  discolorations 
that  often  appear  with  other  scales.  The  entire  hark  of  twigs  and 
branches  may  be  covered  by  round,  or  nearly  round,  (list  inctly  reddish 
scales  up  to  aboul    !  i ,-,  inch  in  diameter  (Fig.  441). 

Plants  Attacked. — Primarily  citrus,  but  it  also  infests  acacia,  eucalyp- 
tus, fig,  grape,  privet,  quince,  rose,  English  walnut,  willow,  and  many 
other  plants. 


Fig.  441.— Tho  California  red  scale,  Chrysomphalus  aurantii  (Maskell),  showing 
mature  males  and  females  and  young;  about  natural  size.  (From  E.  0.  Essig,  University 
of  California.) 

Distribution. — Generally  abundant  in  the  coastal,  citrus-growing 
regions  of  California,  and  in  a  number  of  the  citrus  districts  in  Florida. 
It  also  occurs  in  the  West  Indies  and  other  parts  of  the  world  where  citrus 
is  grown. 

Life  History,  Appearance,  and  Habits. — The  life  history  of  this  scale 
somewhat  resembles  that  of  the  San  Jose  scale  on  deciduous  fruits.  The 
young  scales  are  born  at  the  average  rate  of  two  or  three  a  day  for  a 
period  of  about  2  months  during  the  summer.  Small  numbers  of  young 
are  born  during  warmer  periods  in  winter  months;  but  very  few,  if  any, 
are  produced  during  the  colder  weather.  The  young  insects  feed 
for  from  2}4  to  33  ■_>  months  before  reaching  maturity.     The  males  develop 
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into  yellowish,  minute,  two-winged  insects,  winch  mate  with  the  females 
and  die,  the  mated  females  living  for  about  2  months  longer,  and  during 
this  time  reproducing.  There  may  be  as  many  as  four  generations  a  year 
in  southern  California. 

Control  Measures, — The  control  of  this  scale  is  the  same  as  that  of  the 
other  armored  scales,  and  consists  of  spraying  with  oil  emulsions,  or 
fumigating  with  hydrocyanic  acid  gas.  The  control  will  vary  with  the 
conditions  in  the  orchard.  For  the  best  method  to  follow,  refer  to  the 
special  publication  on  this  subject. 

Reference.— Calif.  Agr.  Exp.  Sta.  Bull.  222,  1911. 

Unarmored  Scales 

The  unarmored  scales  are  often  called  also  soft  scales  and  are,  as  a 
class,  larger  than  the  armored  scales.  No  true  scale  of  wax  is  formed 
separate  from  the  body  wall.  The  protective  covering  is  the  body  wall, 
which  is  hardened  with  chitin.  Both  sexes  move  about  during  the  early 
part  of  their  lives,  but  the  females  cannot  crawl  after  the  eggs  have  formed. 
These  scales  discharge  quantities  of  honeydew  from  their  bodies,  and  the 
sooty  fungus  that  grows  in  the  accumulations  of  this  honeydew  often 
causes  nearly  as  much  injury  as  the  feeding  of  the  scales.  The  black  scale, 
the  soft  brown  scale,  and  the  hemispherical  scale  are  typical  examples  of 
this  class. 

Black  Scale1 

Importance  and  Type  of  Injury.— This  scale  is  generally  considered  the 
most  destructive  insect  pest  of  citrus  in  California.  It  causes  severe 
damage  to  citrus  in  many  other  parts  of  the  world,  with  the  exception  of 
Florida,  where  it  is  a  very  minor  pest  of  oranges.  The  principal  damage 
is  caused,  not  by  the  feeding  of  the  insect,  but  by  the  sooty  mold  fungus, 
which  grows  on  the  honeydew  given  off  by  this  scale.  This  fungus  makes 
it  necessary  to  wash  all  fruits  from  badly  infested  groves. 

Trees  Attacked. — Orange,  grapefruit,  lemon,  plum,  almond,  apple, 
pear,  apricot,  beech,  fig,  grape,  pepper  tree,  oleander  (the  most  common 
host  in  Florida),  rose,  English  walnut,  and  a  number  of  other  plants. 

Distribution. — All  of  the  principal  citrus-growing  regions  of  the  world. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  all 
stages  of  growth,  but  mainly  as  partly  grown  females.  Most  of  the 
overwintering  scales  become  full-grown  early  in  the  spring.  The  full- 
grown  females  are  nearly  hemispherical  in  shape,  being  about  Jl3  inch 
across,  and  from  }i5  to  %  inch  thick  (Fig.  442).  They  deposit  an  aver- 
age of  1,500  eggs.  The  eggs,  which  are  about  J^o  inch  in  length,  are 
white  at  first,  later  changing  to  orange.     Most  of  the  eggs  are  laid  during 

1  Saissetia  oleoe  Bernard,  Order  Homoptera,  Family  Coccidae. 
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t he  spring  months.     The  eggs  hatch  in  about  20  days.     The  young 
remain  beneath  the  parent  scale  for  some  hours,  and  then  emerge  and 

crawl  about,  but  always  start  feeding  within  3  days.  Most  of  the  young 
settle  oil  the  leaves  or  new  growth.  When  partly  grown,  most  of  the 
scales  migrate  to  the  twigs  and  branches.  From  8  to  10  months  are 
required  for  the  scales  to  complete  their  growth.  The  males  go  through 
a  pupal  stage,  and  in  the  adult  stage  are  active, 
two- winged  insects.  There  is  probably  only  one 
complete  generation  in  a  year. 

Control  Measures. — Under  most  conditions, 
black  scale  has  been  controlled  by  fumigation  with 
hydrocyanic  acid,  the  dosage  varying  with  the 
infestation  and  the  condition  of  the  orchard. 
During  the  past  several  years,  combinations  of  oil 
emulsion,  made  with  sulfinated  oils  emulsified  with 
a  colloidal  emulsifier,  and  lime-sulphur  and  calcium 
caseinate,  have  given  very  good  control  of  the 
black  scale.  In  most  of  the  areas  of  southern 
California  where  the  black  scale  has  apparently 
developed  resistance  to  fumigation,  spraying  has 
given  much  better  control.  The  formula  giving 
the  best  results  is  emulsified  oil  3  to  6  gallons 
(depending  on  the  kind  used);  lime-sulphur,  3  to 
\x/2  gallons;  calcium  caseinate  3  pounds;  water 
300  gallons. 

No  serious  burning  has  resulted  from  such 
sprays  applied  in  the  fall.  Citricola  scale  and  red 
spider  also  are  controlled  by  this  spray  if  the 
infestations  are  not  very  severe. 


Reference— Calif.  Agr.  Exp.  Sta.  Bull  223,  1911. 


Fig.  442.— The  black 
scale,  Saissetia  olece  Ber- 
nard, on  twig,  about  twice 
natural  size.  (From  E. 
0.  Essig,  University  of 
California.) 


Red  Spiders 


Importance  and  Type  of  Injury. — Infested  foliage  shows  many  pale 
spots,  where  the  mites  have  sucked  out  the  green  part  of  the  leaf.  The 
leaves  are  webbed  on  the  undersides  and  those  heavily  infested  turn 
yellow  and  drop.  The  infested  fruit  has  a  grayish  or  silvery  appearance 
on  the  skin  which  decreases  its  market  value.  The  loss  of  foliage  also 
frequently  causes  the  fruit  to  drop. 

Plants  Attacked. — Many  different  kinds  of  plants,  both  outdoors  and 
in  greenhouses,  are  attacked  by  mites  of  closely  related  species. 

Distribution. — World-wide. 

Life  History,  Appearance,  and  Habits. — All  stages  of  the  mites  may  be 
found  on  infested  trees  at  all  seasons,  but  they  are  most  abundant  during 
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the  Bummer.  The  adults  of  these  eight-legged  mitee  are  about  J^o  to 
1  go  inch  m  length  (see  Figs.  294,  483).  The  body  of  I  In-  citrus  red  Bpider1 
is  reddish  in  color,  and  the  common  red  Bpider9  is  reddish  yellow  to 
grayish  green.  The  former  feeds  on  all  parts  of  the  leaves,  the  latter 
mainly  on  the  undersides.  The  eggs  are  deposited  on  the  Leaves,  and  the 
young  closely  resemble  the  adults  in  habits  and  appearance,  except  that 
they  have  only  six  legs  in  the  first  instar.  The  citrus  red  spider  com- 
pletes a  generation  in  about  40  days,  the  common  red  spider  in  about  2 
weeks  (see  also  pp.  554  and  712). 

Control  Measures. — Spraying  with  commercial  lime-sulfur  at  1  gallon 
to  50  gallons  of  water,  or  the  combined  oil  and  lime-sulfur  sprays  used  as 
for  the  black  scale,  will  control  these  pests.  Sprays  give  the  best  results 
when  applied  in  the  spring  or  early  summer.  Dusting  with  finely  ground 
sulfur,  mixed  with  lime  at  the  rate  of  9  parts  of  sulfur  to  1  of  hydrated 
lime,  also  will  control  these  mites.  When  the  nights  are  cool  and  dewy, 
the  dust  should  be  applied  during  bright  days  with  temperatures  of  75  to 
100°  F. 

Reference:  Jour.  Agr.  Research,  Vol.  36,  No.  2,  1928. 

Thrips 

Importance  and  Type  of  Injury. — Thrips  injure  the  citrus  fruits  by 
attacking  the  flowers  and  buds,  causing  them  to  fall.  The  growth  of  the 
young  trees  is  often  retarded  and  new  growth  distorted.  The  fruit  also  is 
attacked,  and  is  reduced  in  size,  and  the  skin  is  scarred,  lowering  the 
market  value  (Fig.  443). 

Plants  Attacked. — All  citrus,  many  deciduous,  fruits,  and  many  other 
plants. 

Distribution. — Thrips  are  world  wide  in  their  distribution.  The  citrus 
thrips3  is  the  species  causing  the  greatest  amount  of  injury  in  California; 
it  does  not  occur  in  Florida.  The  flower  thrips4  is  most  important  in 
Florida.  The  damage  by  thrips  is  most  severe  in  western  citrus-growing 
regions. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  mainly  as 
adults,  and  in  the  egg  stage  on  the  stems  and  leaves  of  the  infested  trees. 
The  young  thrips  are  yellowish,  very  small,  slender,  active  creatures. 
They  feed  by  rasping  the  plant  surface,  and  sucking  the  sap  that  flows 
from  these  injured  spots.  They  reach  maturity  in  from  5  to  14  days,  and 
at  this  time  are  about  y±o  inch  long,  orange-yellow,  with  very  narrow 
fringed  wings.     There  are  six  or  more  generations  in  a  season. 

1  Paratetranychus  citri  MacGregor,  order  Acarina,  Family  Tetranychidae. 

2  Tetranychus  telarius  (Linne),  Order  Acarina,  Family  Tetranychidae. 

3  Scirtothrips  citri  (Moulton),  Order  Thysanoptera,  Family  Thripidae. 

4  Frankliniella  tritici  (Fitch),  Order  Thysanoptera,  Family  Thripidae. 
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Control  M < asures.     Spraying  with  a  combination  <»l"  lime-sulfur  :m<l 
nicotine  sulfate  has  proved  most  effective  in  the  control  of  this  pest. 

The  formula  most  used  is  the  following: 


Fig.  443. — Oranges  injured  by  thrips,  Scirtothrips  citri  (Moulton),  showing  charac- 
teristic rings.  (From  Essig,  "Insects  of  Western  North  America,"  after  Quayle.  Copyright, 
1926,  by  the  Macmillan  Company.) 

Commercial  lime-sulfur 2%  quarts 

40  per  cent  nicotine  sulfate }/2  pint 

Water 50  gallons 

The  spray  should  bo  applied  when  about  four-fifths  of  the  petals  have 
fallen:  and  two  additional  sprays  should  be  given  at  intervals  of  10  days. 
In  California,  the  following  spray  is  recommended: 

Distillate  emulsion 6  gallons 

40  per  cent  nicotine  sulfate 1  '  ._>  pints 

Water  to  make    200  gallon- 
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Meai/j    Bugs1 

Importance  and  Type  of  Injur//.  Citrus  trees  infested  wit li  mealy 
bugB  will  have  masses  of  white,  cottony-appearing  insects  clustered  on 

the  leaves  and  twigs  and  at  the  angles  where  fruits  touch  (Fig.  444). 
Infested  fruit  is  generally  coated  with  a  very  sticky  honeydew,  which 
makes  washing  of  the  fruit  necessary.  The  insects  sometimes  become 
sufficiently  abundant  to  kill  the  trees. 

Plants  Attacked. — All  citrus  and  many  ornamental  and  greenhouse 
plants. 

Distribution. — World  wide.  In  this  country,  the  insects  are  more 
destructive  in  California,  although  they  are  found  in  the  other  citrus- 
growing  states. 


Fig.  444. — Citrus  mealy  bugs;  at  left,  an  infested  lemon,  slightly  reduced;  at  right,  adult 
females  and  nymphs  of  various  sizes  on  fruit  of  orange,  about  twice  natural  size.  (From 
E.  ().  Eaaiy,  I'  niv  era  it  y  of  California.) 


Life  History,  Appearance,  and  Habits. — The  insects  can  be  found  in 
all  stages  of  development  throughout  the  year.  The  mature  females, 
which  are  about  34  to  34  inch  long  (Fig.  444),  deposit  from  300  to  400 
eggs  in  a  cottony  mass  of  wax  secreted  from  their  bodies.  The  eggs 
hatch  in  from  8  to  20  days,  and  the  young  mealy  bugs  feed  by  sucking 
the  sap  or  juices  from  the  leaves  or  fruit.  They  move  about  but  little, 
and  require  from  1  to  4  months  to  complete  their  growth.  The  adult 
males  have  two  wings,  the  females  are  wingless  throughout  life.  There 
are  generally  three  or  four  generations  a  year. 

Control  Measures. — Emulsions  made  with  refined  oils,  "summer  oil 
emulsions,"  and  crude-carbolic-acid  emulsions  are  effective  in  the  control 
of  these  insects.     Clear  water,   if  applied  with  considerable  force,  will 

1  Pseudococcus  citri  Risso,  Pseudococcus  longispinus  Targioni,  Pseudococcus  gahani 
Green,  and  other  species,  Order  Homoptera,   Family  Coccidae. 
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control    the    pests.     Fumigation    is  <>t    little   value.     They  are  preyed 
upon  by  ;>  number  of  natural  enemies  that  lend  to  hold  them  in  check. 

Reference.     U.  8.  Dept.  Agr.  Farmers'  Hull.  1309,  L923. 

Whiteflies 

Appearance  and  Type  of  Injury. —Infested  trees  have  a  blackened 
appearance  due  to  a  sooty  mold  which  grows  in  the  honeydew  given  off 
by  the  whitefly  nymphs.  This  sweetish,  sticky,  honeydew  is  discharged 
in  large  quant  it  ies  from  the  alimentary  tract.  Trees  are  stunted,  through 
loss  of  sap.  and  the  fruit  is  undersized  and  of  poor  color. 

Distribution. — Whiteflies  are  widely  distributed  throughout  the  world. 
They  are  serious  pests  of  citrus  in  Florida  and  the  Gulf  States,  but  are 
as  yet,  of  little  importance  in  California.     The  common  citrus  whitefly1 


Pig.  445. — Citrus  whitefly,  Dialeurodes  citri  (Ashmead) ;  adults  and  eggs  on  leaf,  slightly 
enlarged.      {From  Florida  Agr.  Exp.  Sta.  Bull.  183.) 


(Fig.  445)  is  the  only  one  found  in  California.  The  cloudy-winged  white- 
fly*2  and  the  woolly  whitefly3  are  also  serious  pests  in  Florida.  The  spiny 
citrus  whitefly,4  which  seems  to  be  the  most  destructive  of  the  whiteflies  on 
citrus  has  not  yet  been  found  in  the  United  States,  but  occurs  in 
Jamaica,  Cuba  and  the  Bahamas. 

Food  Plants. — All  species  of  citrus  and  many  other  plants.  In 
Florida  these  insects  breed  in  large  numbers  on  Chinaberry. 

Life  History,  Appearance,  and  Habits. — The  life  histories  of  all  species 
of  whiteflies  which  are  of  importance  on  citrus  are  very  much  alike.  All 
stages  of  the  insects  may  be  found  throughout  the  year,  but  little  breeding 
takes  place  during  cold  periods.  The  oval  eggs,  less  than  Jloo  incn  m 
length,  are  attached  to  the  under  sides  of  the  leaves  by  a  short  stalk. 
They  hatch  in  from  4  to  8  days  into  active,  pale-yellow,  flattened,  six- 
logged  "crawlers,"  or  nymphs.  They  move  about  for  a  short  time, 
mainly  on  the  lower  sides  of  the  leaves,  as  they  avoid  strong  light.  These 
crawlers  soon  insert  their  beaks  into  the  leaves  and  begin  sucking  the 

1  Dial*  urodes  cilri  (Ashmead),  Order  Homoptera,  Family  Aleyrodid®. 

2  Dialeurodes  cilrifolii  (Morgan). 

1  Aleurotkrixus  howardi  (Quaintance). 

•  Aleurocanihus  woglumi  Ashby  (see  U.  S.  Dept.  Agr.  Dept.  Hull.  885,  1920). 
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Bap.  They  soon  molt,  losing  their  legs  in  the  process,  and  then  have 
the  appearance  of  very  minute,  flattened,  oval  bodies,  attached  to  the 
undersides  of  the  leaves  by  their  Bucking  beaks  (see  Fig.  481).     After 

two  more  molts,  the  adults  (Fig.  445)  emerge.  They  are  small,  four- 
winged  insects  about  }\q  inch  long.  They  have  a  white  appearance 
due  to  the  fine  white  powder  which  completely  covers  the  wings  and 
body.  In  Florida  there  are  mainly  three  generations  a  year  of  tin; 
common  citrus  whitefly. 

Control. — Spraying  with  oil  emulsions  as  recommended  for  the  purple 
scale  has  given  the  best  control.  Sprays  should  be  applied  according 
to  conditions  in  the  orchard.  At  least  two  sprays  a  year,  applied  in 
May  and  September,  should  be  used  in  badly  infested  orchards.  Keeping- 
down  water  sprouts  is  of  some  value  in  controlling  this  insect.  Certain 
fungi  that  grow  on  the  bodies  of  the  whiteflies  are  important  natural 
enemies  of  these  insects  in  Florida,  but  are  of  no  importance  in  control 
in  California.  In  Florida  they  generally  control  the  insects  during  the 
summer  rainy  season. 

Rust  Mite1 

Importance  and  Type  of  Injury. — The  skin  of  infested  oranges  becomes  brown  or 
russeted,  that  of  lemons  silvered,  and  of  grapefruits  chamois-colored.  The  fruit  docs 
not  grow  rapidly,  and  is  generally  undersized  at  picking  time.  The  quality  of  the 
fruit  is  not  injured.  The  mites  cause  also  russet  spots  on  the  leaves,  giving  them  a 
silvery  appearance;  but  this  injury  is  generally  slight. 

Plants  Attacked. — Oranges,  lemons,  grapefruit,  and  possibly  some  other  citrus 
fruits. 

Distribution.     General  in  Florida,  but  limited  to  San  Diego  County  in  California. 

Life  History,  Appearance,  and  Habits. — All  stages  of  this  mite  may  be  found  on  the 
trees  during  the  winter.  The  life  history  is  much  the  same  as  that  of  the  red-spider 
mites.  The  full-grown  mites  are  only  about  ^200  inch  in  length,  and  barely  visible  to 
the  unaided  eye.  They  are  yellow  in  color,  with  the  body  broadest  at  the  head  end 
and  tapering  towards  the  tail.  These  mites  have  only  four  short,  weak  legs,  in 
both  young  and  adult  stages.  There  are  many  generations  a  year,  as  a  complete 
generation  may  be  produced  in  a  period  of  2  weeks,  under  the  most  favorable 
conditions. 

Control  Measures. — These  mites  may  be  controlled  by  the  same  measures  given  for 
red  spiders. 

1  Eriophyes  oleivorus  Ashmead,  Order  Acarina,  Family  Eriophyidae. 


CHAPTER  XIX 

INSECTS  ATTACKING  SHADE  TREES  AND  SHRUBS 

Nearly  all  of  our  forest  trees,  shade  trees,  and  shrubs  are  attacked  by  a 
large  number  of  insects.  No  attempt  is  made  in  this  book  to  treat  all 
of  the  insects  of  forest  trees.  More  than  a  thousand  different  species  are 
known  to  feed  upon  the  oaks,  and  correspondingly  large  numbers  attack 
various  other  shade  trees.  A  few  shade  trees  are  relatively  free  from 
injury.  Shrubs  are  subject  to  attack  by  scale  insects,  especially  the 
oyster-shell  scale  and  San  Jose  scale.  Dogwood,  or  Cornus,  roses,  and 
lilac  are  probably  most  subject  to  insect  injury. 

Where  an  especially  destructive  insect  pest  is  well  established,  one 
should  avoid  planting  trees  or  shrubs  particularly  likely  to  be  attacked  by 
this  pest.  In  most  cases,  such  trees  or  shrubs  can  be  grown  if  frequently 
sprayed,  but  other  species  which  are  not  subject  to  attack  by  the  same 
insect,  and  which  are  nearly  as  attractive  in  appearance,  could  well  be 
substituted.  As  an  example,  one  should  never  plant  white,  green,  black, 
or  red  ash  in  any  of  the  cities  of  central  Indiana,  Illinois,  Ohio,  and 
neighboring  states,  as  such  trees  are  certain  to  be  infested  with  the 
oyster-shell  scale.  The  blue  ash,  sycamore,  various  maples,  and  many 
other  trees  can  be  planted  in  these  localities,  and  will  never  be  injured  in 
the  least  by  this  scale. 

The  following  table  shows  the  relative  resistance  to  insect  attack  of 
the  different  varieties  of  shade  trees  commonly  grown  in  the  latitude  of 
central  Ohio,  and  Illinois.  The  figure  6  has  been  placed  opposite  trees 
which  are  practically  immune  from  insect  injury;  5  indicates  some  dam- 
ago;  trees  having  one  somewhat  serious  enemy  are  rated  at  4;  and  those 
having  at  least  one  notorious  insect  pest  at  3.  Greater  likelihood  of 
injuries  is  indicated  by  2,  and  still  more  by  1.  The  species  of  trees  are 
arranged  according  to  the  comparative  injury  by  insects. 
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Table  XV.     Showing  the  Relative  Likelihood  oi  [njuri  to  Tree*  bi  [nb»  i 
Pests,    Trees  Having  the  Higher  Numbers  Should  Be  Giveh  Preference 

for  Planting 

Sweet  gum 6  European  linden 3 

Tree  of  Heaven 6  American  linden 3 

Ginkgo 5  Horse  chestnut 3 

Red  oak 5  Buckeye 3 

Scarlet  oak 5  American  elm 3 

Oriental  plane 5  Ilaekberry 3 

American  plane 5  Water  or  red  elm 3 

Tulip,  or  tulip  poplar 5  Soft  or  silver  maple 2 

Sycamore 5  European  elm 2 

Sugar  maple 5  Scotch  elm 2 

Norway  maple 5  Cottonwood 1 

White  oak 5  Carolina  poplar 1 

Burr  oak 5  Lombardy  poplar 1 

Red  maple 4  Balm  of  gilead 1 

Honey  locust 4  Black  locust 1 

Spruces 4  Box  elder 1 

Blue  ash 4  American  mountain  ash 1 

European  mountain  ash 4  Green  ash 1 

White  pine 3  Black  ash 1 

Catalpa 3  White  ash 1 

This  table  follows  a  plan  originated  by  Dr.  E.  P.  Felt,  State  Entomologist  of 
Xew  York. 

General  References. — N.  V.  State  Museum,  Mem.  8,  Vols.  1  and  2,  1905;  Ohio  Agr. 
Exp.  Sta.  Bull.  332,  1918;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1109,  1921. 

FIELD   KEY  FOR  THE  DETERMINATION   OF  INSECTS  INJURING   SHADE 

TREES  AND  SHRUBS 

A.   Borers  working  in  the  trunks  arid  branches: 

1.  Shallow  mines  in  the  bark  and  sapwood  of  the  trunk  and  larger  branches  of 
shade  trees,  these  mines  generally  occurring  on  the  south  and  southwest  sides  of  the 
trees.  Grayish-white  grubs,  with  a  pronounced  flattened  enlargement  of  the  body 
just  back  of  the  head,  working  in  these  burrows.  Adults  are  flattened  beetles  with  the 
body  tapering  back  from  the  shoulders,  the  antennae  short,  and  their  backs  often 
irregularly  roughened  and  metallic-colored.  Flat-headed  borers  or  metallic  wood  borerst 
page  064. 

(a)  Birch  trees  with  the  leaves  on  the  upper  branches  dying.  Brown  spots 
on  the  bark,  and  the  inner  bark  of  branches  and  trunk  with  many  zigzag, 
sawdust-filled  burrows  running  through  it.  White  slender  grubs,  up  to  1 
inch  in  length,  in  these  burrows.  Entire  trees  dying  after  1  or  2  seasons. 
Bronze  birch  borer,  page  664. 

2.  Injury  similar  to  .4,  1,  but  mines  more  often  extend  through  the  solid  wood  of 
the  tree,  and  the  enlargment  of  the  front  end  of  the  body  is  not  flattened.  Adults  are 
generally  more  or  less  cylindrical  beetles,  with  very  long  antenna?,  and  often  beauti- 
fully colored.     Long-horned  borers  or  round-headed  borers,  page  605. 

(a)  Large  amounts  of  excelsior-like  sawdust  accumulating  about  the  base  of 
poplar,  particularly  Carolina  poplars,  aspen,  and  Cottonwood.  Ragged, 
usually  dark-colored   holes  in  the  trunk  and  branches,  from  which  dark- 
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colored  sap  is  Beeping  and  coarse  sawdust  is  being  rorced  out.  Branched 
breaking,  disclosing  large  burrows  running  through  the  wood,  :m<l  greatly 
weakening  the  structure.  Injury  most  Bevere  on  Carolina  poplar,  Lom- 
bardy  poplar,  and  cottonwood.  Poplar  borer,  page  *'»<)•'». 
b  Black  Locusl  trees  with  swollen  areas  on  the  trunk  and  larger  branches,  1 1 1  c - 
bark  on  these  areas  of  ten  cracking  open,  or  trees  breaking  over  at  the  point 
of  injury.  Wood  of  the  trees  honeycombed  with  burrows  of  rather  larger 
borers.     Locust  borer,  page  667. 

(r)  Elms  in  a  weakened,  sickly  condition  with  areas  of  the  hark  along  the  trunk 
becoming  loose  and  easily  detached  from  the  tree.  Such  hark  containing 
numerous  hurrows  filled  with  hrown  sawdust.  Yellowish-white  grubs, 
up  to  a  little  over  1  inch  in  length,  will  be  found  working  in  these  hurrows. 
Injury  occurring  only  on"  weakened  or  sickly  trees.      Elm  borer,  page  669. 

3.  Terminals,  or  leaders,  of  pines  or  spruce  turn  hrown  and  die,  from  midsummer  on, 
on  account  of  the  work  of -fat,  white,  legless  gruhs  that  tunnel  through  the  wood  and 
make  "shot  holes  "  through  the  hark  of  the  twigs.  Eggs  laid  hy  a  reddish-hrown  snout 
beetle,  about  V&  inch  long,  irregularly  hlotched  with  white  on  the  hack.  White  pine 
weevil,  Pissodes  strobi  (Peck)  (see  N.  Y.  State  Mus.  Bull.  175,  1915). 

4.  Branches  and  limbs  of  willows  or  poplars  in  northeastern  United  States  are 
bored  with  tunnels,  deformed  with  knotty  swellings,  and  splitting  and  hreaking,  with 
sawdust  and  sap  oozing  at  points  of  attack.  Fat,  white,  legless  gruhs,  ^  inch  long 
or  less,  may  be  found  tunneling  in  the  trees  from  fall  to  midsummer.  Eggs  laid  by 
blackish,  chunky,  snout  beetles,  about  Y^  inch  long,  with  the  rear  third  of  the  wing 
covers,  the  sides  of  the  thorax,  and  parts  of  the  legs  pink.  Mottled  poplar  and  willow 
borer,  Cryptorhynchus  lapathi  Linne. 

5.  Fine  sawdust  deposited  in  small  amounts  over  the  trunk  and  branches  of 
deciduous  trees.  Small,  round  holes  in  the  bark  a  little  larger  than  a  pinhead.  Very 
small,  blunt-headed,  black  beetles  crawling  over  the  bark  or  boring  through  the  bark. 
Numerous  galleries  in  the  inner  bark  and  outer  sapwood,  branching  out  from  a  short 
parent  gallery.  Fruit-tree  bark  beetle,  page  530;  Hickory  bark  beetle,  page  670;  peach- 
tree  bark  beetle,  page  602;  and  others. 

6.  Swarms  of  very  small,  chunky,  cylindrical,  brown  or  black  beetles,  usually 
K  to  Y±  inch  long,  attack  the  trunks  of  various  conifers  or  evergreen  trees,  eating 
many  holes  into  the  bark  and  making  galleries  in  the  inner  bark  and  outer  sapwood. 
Small  white  grubs  make  similar  tunnels  radiating  from  the  parent  gallery.  Sawdust 
sifts  down,  and  pitch  or  resin  accumulates,  at  the  entrance  holes.  Affected  trees 
show  reddish  tops  and  soon  die.     Bark  beetles,  Dendroctonus  spp.  and  others. 

7.  Large  dark-colored  burrows  in  the  wood  of  locust,  willow,  chestnut,  maple,  and 
some  other  shade  trees,  but  particularly  abundant  in  black  and  red  oaks.  Dark-colored 
sap  oozing  from  such  burrows,  and  discoloring  the  bark  for  some  distance  below  the 
burrow.  Large,  pinkish,  brown-headed  borers,  up  to  3  inches  in  length,  and  with  well- 
developed  prolegs,  working  in  these  burrows.     Carpenter  worm,  page  671. 

8.  Shade  trees  along  the  eastern  coast  of  the  United  States,  especially  elm  and 
maple,  with  many  dead  branches  in  the  tops  of  the  trees,  or  with  small  branches  broken 
over  and  hanging  partly  severed.  Numerous  holes  along  the  infested  branches  from 
which  sawdust  is  being  forced  out.  Whitish,  brown-spotted  caterpillars,  up  to  3 
inches  long,  in  these  hurrows.     Leopard  moth,  page  672. 

9.  The  canes  of  lilacs  dying,  or  breaking  over.  Slightly  enlarged,  swollen  areas 
on  the  canes,  just  above  the  surface  of  the  ground.  Bark  cracked  from  infested 
canes,  showing  the  presence  of  numerous  hurrows  through  the  wood.  Lilac  borer, 
page  673. 
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/>'.   Motionless  scale  insects  <*"  twigSf  trunks,  <>r  lea 

1.  The  bark  of  shade  trees,  pari  icularly  elm  and  willow,  wit  h  small,  grayi.-Ji-whiti-, 
Hat  scales,  often  nearly  covering  the  bark.  From  September  to  late  spring,  minute 
purplish  eggs  to  the  number  of  50  or  more,  will  be  found  under  each  of  these  scales. 
Scurfy  scales,  page  675. 

2.  Surface  of  the  bark  of  ash,  poplar,  and  many  other  shade  trees,  Covered  with 
brownish-gray  scales,  which,  upon  close  examination,  will  be  found  to  resemble  the? 
half  of  a  minute  oyster  shell.  During  the  winter  months,  numerous  pearly-white, 
very  small  eggs  to  the  number  of  75  to  100  will  be  found  packed  beneat  h  the  larger  of 
these  scales.      Oyster-shell  scale,  page  675. 

3.  Whitish,  cottony-appearing  masses  of  wax,  nearly  %  inch  across,  on  the  under- 
sides of  the  branches  of  maple,  linden,  and  other  shade  trees.  Such  masses  most 
conspicuous  during  June  and  July.  Small,  flat,  brownish-appearing  scales,  adhering 
tightly  to  the  bark  of  shade  trees  during  the  winter  months.  Cottony  maple  scale, 
page  676. 

4.  Plump,  rounded,  reddish-brown  scales,  about  }£  inch  across,  sharply  convex 
and  oval  in  outline,  clustered  on  the  twigs  and  branches  of  various  shade  trees  during 
the  winter  months.  Scales  often  so  thick  as  completely  to  cover  the  bark.  Terrapin 
sen le,  page  603. 

5.  Small  whitish  scales  on  the  needles  or  leaves  of  pine,  spruce,  hemlock,  and 
various  other  evergreens.  Often  present  in  such  numbers  as  to  give  the  needles  a 
grayish  appearance.  Very  small,  purplish  eggs  beneath  these  scales  during  the  winter 
months.     Pine  leaf  scale,  page  678. 

C.  Soft-bod  it  <l,  more  or  less  active,  sap-sucking  insects,  on  the  leaves  or  trunks: 

1.  Leaves  of  elm  with  raised,  much  wrinkled,  greenish,  or  pinkish  galls  on  the 
upper  surface.  Such  galls  when  broken  open,  are  packed  almost  solid  with  greenish 
or  brownish  aphids.  Small  slits  on  the  undersides  of  the  leaves  below  the  galls. 
Cockscomb  elm  gall,  page  678. 

2.  Leaves  of  elm  curled  and  bunched  together  in  the  spring,  but  no  galls  formed 
upon  them.  Numerous  brownish  aphids,  with  a  purplish  woolly-like  wax  covering 
their  bodies,  feeding  within  the  curled  leaves.  Copious  discharge  of  honeydew  from 
such  leaves.     Woolly  apple  aphid,  page  550. 

3.  The  trunks  and  under  sides  of  the  branches  of  pines  and  balsam  become 
covered  with  white,  cottony  flecks.  The  flocculent  tufts  of  wax  cover  dark-brown 
aphids,  that  suck  the  sap  and  cause  a  sickly  condition  of  the  trees.  Pine-bark  aphid, 
Chermes  pinicorticis  Fitch. 

4.  Large  numbers  of  bright-red  bugs,  Yi  inch  or  less  in  length,  the  larger  ones  with 
dark  wings  bordered  with  red  and  with  3  red  lines  on  the  thorax,  suck  sap  from  leaves 
and  new  growth  of  box  elder  or  ash.  In  the  fall  the  bugs  cluster  in  masses  on  the 
trunks,  or  wander  in  great  numbers  up  and  down  the  tree  trunks  or  crawl  over  walls 
and  porches  and  enter  houses.     Box-elder  bug,  Leptocoris  trivittatus,  Say  (Fig.  118). 

D.  Leaf-eating  insects: 

1.  Yellow-and-black  beetles  and  grubs,  about  3^  inch  long,  eating  out  the  green 
parts  of  elm  leaves.  Large  numbers  of  grubs  collect  on  the  bark  about  the  base  of  the 
trunk  or  on  the  ground  nearby.     Elm  leaf  beetle,  page  680. 

2.  Leaves  of  willows,  poplars,  and  cottonwood  partly  or  completely  eaten.  Con- 
vex, oval,  yellow  or  reddish  beetles,  spotted  or  striped  with  black,  about  }/i  to  3^ 
inch  long,  feed,  along  with  their  soft-bodied,  more  elongate,  blackish  young  or  larvae, 
on  underside  of  leaves.  Poplar  and  willow  leaf  beetles,  Lina  scripta  Fabricius,  Lina 
lapponica  Linne,  Lina  tremulo3  Fabricius,  and  others. 

3.  Ends  of  branches,  or  sometimes  entire  branches,  enclosed  in  a  rather  flimsy 
web,  containing  yellowish-black,  spotted,  hairy  caterpillars,  up  to  a  little  over  1  inch 
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in  length.  Webs  usually  containing  many  black  pel  Ids  of  excreta  of  these  caterpillars. 
Webs  mosi  abundant  during  late  summer  and  curly  fall.     Fail  webwormt  page  664. 

I.  Trunk  and  branches  <>f  trees  during  winter  months  with  dark-gray  cocoons 

on    the   bark,   cocoons   often    baying   masses  of  frothy-white  eggs  attached   to   them. 

Leaves  of  trees  skeletonised,  or  stripped  by  yellowish  caterpillars  with  two  Long  tufts 

of  dark  hairs  protruding  from  near  the  head,  and  one  tuft  from  near  the  tail.  White- 
marked  tussock  moth,  page  687. 

5.  Shade  trees,  p.-i rt  icula rly  evergreens,  stripped  of  their  leaves  by  brownish, 
rather  fat-bodied  worms,  which  live  within  tougb  silken  bags.      Bags  up  to  2  inches 

in  length  hanging  in  large  numbers  from  the  leaves  and  twigs  of  infested  trees.  Bags 
remaining  on  the  trees  during  the  winter  months.     Bag  worm,  page  681. 

6.  Catalpa  trees  completely  stripped  of  their  leaves  by  dark-colored  caterpillars 

marked  with  varying  amounts  of  green  and  yellow.  Caterpillars  up  to  3  inches  in 
length,  with  a  curved  black  horn  projecting  from  the  last  segment  of  their  bodies. 
Catalpa  sphinx,  page  (>S3. 

7.  Large  colonies  of  black  caterpillars  stripping  the  leaves  from  hickory,  walnut, 
and  related  trees.  All  foliage  completely  stripped  from  single  branches.  Caterpillars 
coining  down  the  trunks  of  the  trees  in  large  numbers,  and  hanging  in  masses  on  the 
trunks  while  shedding  their  skins.     Walnut  caterpillar,  page  685. 

8.  Buff-colored  masses  of  eggs,  up  to  1  inch  across,  covered  with  felt-like  hairs,  on 
the  trunks  of  shade  trees  and  surrounding  objects  during  the  winter  months.  Large, 
dark  gray,  somewhat  flattened  caterpillars  with  pairs  of  red  and  blue  spots  down  the 
back  strip  the  leaves  from  trees  during  June  and  early  July.     Gypsy  moth,  page  690. 

9.  During  the  winter  season  several  leaves  tightly  webbed  together  and  firmly 
attached  to  a  twig  near  the  tip  of  the  branch,  enclose  25  to  several  hundred  small, 
dark-brown,  very  hairy  caterpillars,  about  Y±  inch  long.  If  the  caterpillars  or  their 
hairs  come  in  contact  with  the  skin,  a  distinct  burning  or  itching  results,  which  may 
persist  for  several  days.  White  moths,  with  brown  abdomens,  flying  in  great  num- 
bers at  night  during  July  and  strongly  attracted  to  lights.     Brown-tail  moth,  page  692. 

10.  Poplar  and  willow  leaves  eaten  off  during  midsummer  by  rather  large,  black- 
bodied  caterpillars.  When  full-grown  these  caterpillars  are  about  2  inches  long,  with 
irregular  whitish  colorings  on  the  sides  of  the  back  and  a  nearly  square  white  patch 
of  hairs  on  the  middle  of  the  back  of  each  segment.  The  adult  insect  is  a  white  moth 
with  a  wing  spread  of  nearly  2  inches.  Satin  moth,  Stilpmotia  salicis  Linne  (see 
U.  S.  Dept.  Agr.  Dept.  Bull.  1469,  1927). 

II.  Smooth,  greenish  or  brownish  measuring  worms  or  looping  caterpillars,  which 
lack  prolegs  near  the  middle  of  the  body,  eat  foliage  of  elm,  hackberry,  oak  and  other 
deciduous  trees,  dropping  on  silk  threads  when  disturbed.  Cankerworms,  pages  555 
and  557. 

12.  Spruce  or  balsam  trees  appearing  as  though  scorched  by  fire  and  slowly  dying. 
Thick,  dark-brown  caterpillars,  %  inch  or  less  in  length,  covered  with  pale-yellow 
warts,  eat  off  the  needles  and  spin  silken  threads  over  the  twigs  in  early  spring. 
Spruce  budworm,  Harmologa  fumiferana  Clemens. 

13.  Greenish,  yellowish,  whitish  or  bluish,  worms,  1  inch  or  less  in  length,  often 
Spotted  or  striped  with  black  or  yellow,  with  dark  heads  and  9  to  11  pairs  of  legs  and 
prolegs,  defoliate  elm,  birch,  poplar,  willow,  pine,  larch,  spruce,  balsam,  or  other  trees 
during  the  summer.  Worms  usually  hold  their  bodies  or  tails  coiled  or  curved  over 
edge  of  leaves.  San-flies  (Order  Hymenoptera,  Family  TenthredinidaO. 
/      Twigs  girdled,  severed  or  splintered  so  that  they  <lic  <m<l  hang  broken  over  or  fall  to  the 

ground: 

1.  Many  twigs,  !  jj  to  :S  inch  in  diameter  and  Beveral  feel  long,  neatly  cut  off  and 
lying  on  the  ground  beneath  hickory,  persimmon,  oak,  poplar,  sour  gum.  honey  locust . 
and  other  deciduous  shade,  fruit,  and  nut   trees.      Severed  end  of  twig  is  convex  and 
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no  borers  in  the  new  fallen  twigs.  Grayish,  cylindrical,  bard-shelled  beetles,  nearly  1 
inch  long,  with  antennas  longer  than  the  body,  girdle  the  twigs  by  cutting  round  and 
round  them  from  the  hark  inward.  Tiriy  girdler,  Onridem  cingtilata  Say,  and  other 
Bpeciee  i  Fig.  5,  D). 

2.  Twigs  severed  as  in  E,  1,  from  oak,  maple,  hickory,  chestnut,  locust,  and  other 
shade  and  fruit  trees.  Severed  end  of  twig  is  concave  and  with  a  central  burrow 
hailing  from  it  up  the  twig,  which  is  plugged  with  shavings  and  contains  a  white, 
cylindrical,  conspicuously  segmented  grub,  which  cut  off  the  twig  from  the  inside. 
Maple  and  oak  ting  pruncr,  FAlaphidion  rillosuni  Fabricius. 

3.  Tips  of  small  branches  breaking  off  or  hanging  with  dead  leaves  during  the  early 
slimmer,  wood  split  at  point  of  break,  with  tufts  of  splinters  sticking  up  at  short 
intervals  along  the  twig.     Periodical  cicada,  page  533. 

Flat-headed  Borers1 

There  are  several  species  of  borers  belonging  to  this  group,  which  are 
very  common,  attacking  practically  all  kinds  of  trees.  The  typical 
injury  consists  of  rather  shallow  galleries  in  the  bark,  usually  on  the  south 
or  southwest  side  of  the  trees.  Areas  of  the  bark  become  entirely  under- 
mined. In  these  galleries  are  to  be  found  medium  to  rather  large,  yellow- 
ish-white grubs,  with  a  pronounced  flattened  enlargement  of  the  body 
(thorax)  just  back  of  the  head.  A  typical  life  history  of  these  insects  is 
given  under  Apple  Insects,  page  526. 

The  control  of  the  flat-headed  borers  on  shade  trees  is  the  same  as  on 
apple.  Trees  that  have  been  taken  from  the  nursery  and  are  set  in 
situations  exposed  to  the  sun,  should  be  protected  at  least  during  the  first 
season  by  having  a  board  driven  in  the  ground,  or  attached  to  a  stake, 
3  or  4  inches  from  the  tree  on  the  south  and  southwest  sides,  to  shade  the 
tree  from  the  direct  rays  of  the  sun.  The  ways  recommended  to  prevent 
the  beetles'  laying  their  eggs  on  apple  trees  may  be  used  on  shade  trees 
(see  p.  527). 

References. — Jour.  Econ.  Entomol,  Vol.  11,  p.  334,  1918;  N.  Y.  State  Museum., 
Mem.  8,  Vol.  2,  p.  653-658,  1905. 

Bronze  Birch  Borer2 

Importance  and  Type  of  Injury. — This  flat-headed  borer  is  a  very 
serious  pest  of  birches,  and  is  capable  of  destroying  nearly  every  white  or 
paper  birch  in  a  locality  where  it  is  allowed  to  increase  unchecked.  Infes- 
tation is  first  indicated  by  a  browning  of  the  tips  of  the  upper  branches, 
followed  by  the  death  of  the  entire  tree.  Infested  branches  will  often 
appear  somewhat  swollen,  with  ridges  around  the  smaller  ones.  Small, 
slightly  oval  holes,  about  l£  inch  in  diameter,  will  be  found  in  the  bark. 
An  examination  of  the  inner  bark  will  show  numerous  burrows,  tightly 

1  Chrysobothris  femorata  (Olivier)  and  many  other  species,  Order  Coleoptera, 
Family  Buprestidse. 

-  Agrilus  anxius  Gory,  Order  Coleoptera,  Family  Buprestidie. 
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packed  wiih  sawdust,  running  in  every  direction  and  containing  Blender 

white  grubs  about  :v.\  inch  long,  with  a  slight  enlargement  of  the  body  just 
back  of  t  he  head. 

Trei  s  Attached.  The  white  or  paper  birches  are  most  severely  injured. 
The  insect  has  been  found  also  in  several  other  species  of  birch. 

Distribution. — It  is  a  native  American  insect,  generally  distributed 
throughout  the  northern  United  States  and  southern  Canada,  westward 
to  Idaho. 

Life  Historyt  Appearance,  and  Habits. — The  winter  is  passed  as  full- 
grown  larva*  in  cells  just  within  the  sapwood.  These  larvae  are  from  Yi 
to  •'*,->  inch  in  length,  white  in  color,  very 
slender,  with  a  slight  enlargement  of  the 
thorax,  and  with  two  rather  slender, 
brownish  projections  from  the  last  seg- 
ment of  the  body.  In  the  spring  the 
larvae  pupate  within  their  cells  in  the  wood 
and  emerge  during  May,  June,  and  July, 
as  greenish-bronze  beetles  about  3^  inch 
long,  with  rather  blunt  heads  and  slender, 
pointed  bodies  (Fig.  446).  The  female 
beetles  deposit  their  eggs  in  cracks  in  the 
bark.  These  soon  hatch  into  tiny  borers 
that  work  their  way  into  the  inner  bark, 
becoming  full-grown  by  fall,  and  excavat- 
ing cells  in  the  sapwood.  The  burrows  of 
the  insect  are  very  crooked,  and  cross  and 
recross,  often  completely  cutting  off  the 
circulation  of  the  sap.  There  is  but  one 
generation  of  the  insect  each  year. 

Control  Measures. — No  sprays  can  be 
applied  for  the  control  of  this  insect.  The 
only  effective  method  of  checking  their  increase  is  to  cut  out  and  carefully 
burn,  during  the  winter,  all  infested  parts  of  trees.  If  this  is  done  each 
year,  infestations  may  be  held  down  to  a  point  where  little  damage  from 
the  insect  will  result.  All  infested  material  should  be  cut  out  not  later 
than  the  first  of  April. 


Fig.  446. — Bronze  birch  borer, 
Agrilus  anxius  Gory,  adult,  about  six 
times  natural  size.  (From  III.  State 
Nat.  Hist.  Sur.) 


Long-horned  Borers1 

The  family  of  beetles  known  as  long- horned  or  round-headed  borers' 
are  even  more  numerous  and  destructive  than  the  flat-headed  borers. 
The  larvffi,  or  grubs,  work  beneath  the  bark  and  also  tunnel  through  the 
heart  wood,  often  riddling  the  trunks  of  trees  with  holes  that  are  as  large 
as  a  pencil  to  much  larger.      These  grubs  (Fig.   151)  also  have  an  enlarge- 

1  Order  Coleoptera,  Family  CerambycicUe. 
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ment  of  the  body  behind  the  head,  bul  il  is  ao1  so  much  flattened  as  in  the 
flat-headed  borers.  A  typical  life  history  is  given  under  Apple  Insects, 
page  527. 

Besides  the  locust  borer,  elm  borer,  and  poplar  borer,  discussed  below, 
there  are  a  number  of  other  species  which  attack  various  Bpeciea  of  shade 
t  rees.  A  few  of  these  attack  the  perfectly  healthy  trees,  while  others  are 
attracted  only  to  trees  in  a  weakened  or  sickly  condition.  The  only 
practical  method  of  control  known  is  to  use  carbon  bisulfide  in  the  bur- 
rows as  described  for  the  poplar  borer,  or  to  cut  and  burn  the  badly 
infested  trees  during  the  winter,  when  the  insects  are  all  within  the  trunk 
or  bark  in  the  larval  stage.  Linden,  maple,  oak,  hickory,  and  willow  are 
particularly  subject  to  attack  by  some  of  these  borers. 

Poplar  Borer1 

Importance  and  Type  of  Injury. — Damage  by  this  insect  frequently 
makes  it  impossible  to  grow  certain  species  of  poplars  in  some  localities. 

It  is  the  most  destructive  borer  attacking  poplar 
trees.  Infested  trees  have  many  large  burrows, 
with  openings  through  the  bark,  on  the  trunk 
and  large  branches.  The  entrance  to  these  bur- 
rows is  usually  packed  with  coarse,  excelsior-like 
wood  fibers.  An  accumulation  of  these  fibers  or 
sawdust-like  material  will  often  be  noticed  around 
t  he  base  of  the  trunk.  There  is  generally  a  dis- 
charge of  sap  from  the  opening  to  the  burrow, 
w  ^3  which  wets  and  discolors  the  bark  of  the  tree  for 

\ I  some  distance  below  it.     The  wood  of  the  tree  is 

weakened,  so  that  the  branches  or  the  main  trunk 
break  during  periods  of  high  wind. 

Trees     Attacked. — Carolina    poplar,    cotton- 
wood,    and    Lombardy    poplar,    are    the    most 
seriously   injured.     It   has  also  been  found  in 
some  other  species  of  poplars  and  in  willow. 
Distribution. — This    is  a  native  insect,    dis- 
tributed generally  in  the  United  States  and  Canada. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  as  a 
yellowish,  rather  round-bodied  grub,  from  1  to  nearly  1J^  inches  in  length. 
These  grubs  will  be  found  in  large  burrows  in  the  wood  of  the  tree.  They 
start  feeding  as  soon  as  the  weather  becomes  warm  in  the  spring,  and 
continue  throughout  the  season.  They  bore  through  the  wood  of  the 
tree,  cutting  out  large  galleries,  sometimes  as  much  as  an  inch  in  diameter. 
Some  of  the  borers  become  full  grown  by  late  spring.  They  are  then 
about  2  inches  long.  They  pupate  in  cells  in  the  wood,  and  emerge  as 
1  Sapcrda  calcarata  Say,  Order  Coleoptera,  Family  Cerambycidae. 


Fig.  447. — Poplar  Borer, 
S  ap  erda  calcarata  Say. 
Adult  female,  slightly  en- 
larged. (From  U.  S.  D.  A. 
Farmers'  Bull.  1154.) 
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beetles  from  July  to  September.     The  adult  beetles  (Fig.  117)  are  from 

1  to  1 !  j  inches  in  lengl  h,  wit  !i  long  antennse  slight  [y  darker  i  ban  t  he  body. 
The  beetle  is  of  a  general  light-gray  color,  with  irregular,  somewhat 

elongated,  small  yellowish  spots,  and  the  whole  body  is  sprinkled  with 
minute  black  dots.  The  female  deposits  her  eggs  in  cracks  in  the  bark. 
These  eggs  hatch  in  a  few  days  into  small  grubs,  which  feed  at  first  in  the 
outer  bark,  but  -work  their  way  rather  quickly  into  the  inner  bark  and 
sapwood.  At  least  2  years  are  required  for  the  grubs  to  complete  their 
growth.  Under  unfavorable  conditions  this  period  may  extend  over  3 
years. 

Control  Measures. — Trees  that  are  especially  valued  for  shade,  may 
be  freed  of  most  of  the  borers  by  carefully  going  over  the  tree  and  injecting 
a  small  amount  of  carbon  bisulfide  into  all  openings  leading  into  the 
burrows.  A  machine  oilcan  is  best  suited  for  injecting  the  carbon 
bisulfide.  The  hole  should  be  closed  immediately  after  injecting  the 
chemical,  using  a  wad  of  wet  clay  or  putty  for  this  purpose.  An  exami- 
nation of  the  infested  trees  two  or  three  times  from  the  first  of  June  to 
the  first  of  October,  treating  each  time  all  burrows  from  which  fresh 
sawdust  is  being  forced  out,  will  kill  practically  all  insects  in  the  trees. 
Experiments  have  shown  that  all  grubs  within  6  to  10  inches  of  the  point 
where  the  carbon  bisulfide  is  injected  will  be  killed.  Badly  infested 
trees  should  be  cut  during  the  winter  or  early  spring,  and  all  of  the 
large  branches  and  trunk  burned  to  prevent  emergence  of  the  adult 
beetles.  Cutting  and  piling  the  wood  will  not  be  effective,  as  the  larger 
grubs  will  complete  their  growth,  and  emerge  as  beetles  to  reinfest 
neighboring  trees. 

References.— Ohio  Agr.  Exp.  Sta.  Bull.  332,  p.  319,  1918;  U.  S.  De-pt.  Agr.  Farmers' 
Bull.  1154,  1920;  N.  Y.  State  Museum,  Mem.  8,  Vol.  1,  p.  98,  1905. 

Locust  Borer1 

Importance  and  Type  of  Injury. — Black-locust  trees  have  swollen 
areas  on  the  trunk,  often  with  the  bark  cracked  open,  exposing  burrows 
in  the  tree  sometimes  %  inch  in  diameter.  The  wood  is  nearly  alwrays 
discolored  and  blackened  in  and  around  these  burrows.  Young  locust 
trees  break  over  during  the  late  summer,  by  reason  of  numerous  burrows 
through  the  tree  which  have  weakened  it  (Fig.  449).  This  insect  is  so 
numerous  throughout  most  of  the  eastern  United  States  as  to  prevent 
profitable  growing  of  black  locust.  If  this  insect  could  be  controlled, 
the  black  locust  would  be  one  of  our  most  valuable  farm  wood-lot  trees. 

Trees  Attacked. — Black  locust. 

Distribution. — The  locust  borer  is  found  throughout  the  United 
States  east  of  the  Rocky  Mountains,  and  in  southern  Canada. 

1  CyUene  robini<r  F&rater,  Order  Coleoptera,  Family  CerambycidsB. 
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Life  History t  Appearance,  and  Habits.     The  winter  is  always  passed 

as  &  very  small  grub  or  larva  within  the  inner  hark  or  barely  to  the 
sapwood  of  the  infested  trees.  Early  in  the  spring  these  grubs  begin 
feeding,  and  burrow  their  way  into  the  wood  of  the  tree,  going  through 
both  the  sapwood  and  the  heartwood.  These  burrows  are  very  irregular 
in  direction,  and  are  frequently  so  numerous  as  to  cause  the  death  of 
the  tree.  The  tree  may  break  over  during  periods  of  high  winds.  The 
larvae  become  full-grown  about  midsummer.     At  this  time,   they   are 


Fig.  448. — The     locust    borer,    Cyllcne 

robinicB  Fdrster;  adult  female  about  twice 

natural  size.      (From    III.    State  Nat.   Hist. 
Sur.) 


Fig.  449. — Young  locust  tree  broken  at 
point  of  injury  by  larvae  of  the  locust  borer. 
(From  Ohio  A<jr.  Exp.  Sta.  Bull.  332.) 


%  to  nearly  1  inch  in  length,  tapering  from  the  thorax  backward,  giving 
them  a  club-shaped  appearance.  These  larvae  excavate  cells  in  the 
wood,  and  here  change  to  the  pupal  stage.  The  adult  beetles  begin 
coining  out  about  the  first  of  September  in  the  latitude  of  Illinois.  They 
are  of  a  general  black  color,  marked  with  bright  yellow  crosslines  (Fig. 
448).  The  legs  and  antennae  are  dull  red,  the  underside  of  the  body  jet 
black.  They  are  extremely  active,  flying  readily  from  tree  to  tree  and 
scuttling  about  over  the  bark.  They  feed  on  the  flowers  of  goldenrod 
and  a  few  other  allied  plants.  Feeding  in  the  adult  stage  is  not  necessary, 
as  the  females  will  lay  their  eggs  without  having  fed.  The  elongate 
white  eggs  are  tucked  into  crevices  and  cracks  in  the  bark.  These 
hatch  in  about  2  weeks,  and  the  young  work  their  way  through  the 
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outer  bark  and  into  the  inner  bark,  or  just  to  I  he  surface  of  the  sapwood, 
before  the  approach  of  cold  weather.  There  is  one  generation  each 
year. 

Control  Measures. — Trees  grown  in  heavy  stands  arc  somewhat  less 
infested  than  those  grown  in  the  open.  However,  even  the  trees  growing 
in  dense  shade,  are  not  entirely  free  from  injury.  A  mixture  of  ivoo 
tanglefoot  9  parts  and  50  per  cent  sodium  arsenite  solution,  1  part. 
applied  as  a  hand  around  the  trunk  of  the  tree,  kills  all  beetles  that 
come  in  contact  with  it. 

References. — U.  S.  Dept.  Agr.  Bur.  Entomol,  Bull.  58,  Parts  I  and  III,  1906; 
Kept.  Ky.  Stale  Forester,  1915;  Ohio  Agr.  Exp.  Sta.  Bull.  332,  1918. 


FlO.     450.-     The    elm    borer,    Saperda  Fi<;.   451. — The  olm   borer,   larva,   about 

tridentata  Olivier.      Adult  about  three  times  throe   times  natural  size.      (From  III.  Stab 

natural    size.      (From   III.    State   Xat.    Hist.  Xat.   Hist.  Sur.) 
Sur.) 


Elm  Bokek1 

Importance  and  Type  of  I njury. — Branches  of  elm  dying,  or  entire  trees  with  foliage 
undersized  and  of  B  general  yellow  color,  is  the  symptom  of  attack  by  this  round- 
headed  borer.      Numerous  galleries  run  through  the  inner  bark  and  sapwood.      The 

1  Saperda  tridentata  Olivier,  Order  Coloeptera,  Family  Cerambycids. 
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outer  bark  is  often  darkened  and  loosened  from  the  tree.  These  galleries  are  tightly 
packed  with  frass  or  brownish  sawdust. 

Trees  .{(tucked.  —  White  elm  and  slippery  elm. 

Distribution, — Throughout  the  eastern  United  8ta1 

Life  History,  Appearance,  and  Habits,     The  winter  is  passed  as  partly  grown  larva 

in  the  bark  and  Bapwood  of  the  tree.  In  the  spring,  these  larva-  begin  feeding  on  the 
inner  bark  and  wood,  running  t  heir  irregular  galleries  in  all  direci  ions.  They  become 
full-grown  late  in  the  spring,  and  change  to  a  pupal  stage  in  cells  in  the  Bapwood. 
They  emerge  during  late  spring  and  early  summer  as  gray,  long-horned  beetles,  about 
1 .»  inch  in  length  (Fig.  450).  The  wing  covers  are  bordered  on  the  outer  margin  with 
a  narrow  line  of  red,  and  there  are  three  fine  extensions  of  this  red  line  across  each 
wing  cover.  The  eggs  are  laid  in  cracks  in  the  bark,  and  the  grubs  on  hatching  work 
their  way  into  the  inner  bark  and  sapwood.  The  galleries  running  through  the  inner 
bark,  cut  off  much  of  the  sap  flow.  Most  of  I  Ik-  grubs  (Fig.  451)  are  about  two-thirds 
grown  by  fall.  There  is  probably  one  generation  of  the  insect  each  year,  except  in 
cases  where  conditions  are  unfavorable  to  the  growth  of  the  grubs,  when  they  may 
require  two  seasons  to  complete  their  growth. 

Control  Measures. — The  most  effective  control  for  this  beetle,  as  well  as  for  many 
other  shade  tree  insects,  is  to  keep  the  trees  in  as  vigorous  condition  as  possible.  The 
elm  borer  seems  to  be  attracted  to  trees  which  are  in  a  sickly  condition,  or  lacking  in 

vigor  because  of  insufficient  plant  food  or  moisture. 
Keeping  the  trees  well  supplied  with  water,  and 
well  fertilized,  will  do  much  to  prevent  injury  by 
this  insect.  Sickly  trees,  or  large  branches  which 
are  dead  or  dying,  should  be  cut  out  and  burned 
during  the  winter  months.  Such  trees  or  branches 
act  as  breeding  places  for  the  beetle,  and  as  centers 
of  infestation  for  all  elms  in  the  neighborhood. 

References.— III.  Agr.  Exp.  Sta.  Bull.  151,  1911; 
N.  Y.  State  Museum,  Mem.  8,  p.  67,  1905. 

Bark  Beetles1 
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Fig.  452. — Hickory  bark  beetle, 
Scolytus  quadrispinosus  Say; 
adult,  about  seven  times  natural 
size.  (From  III.  State  Nat.  Hist. 
Sur.) 


There  are  a  number  of  species  of  small 
black  or  brown  beetles  (Fig.  452)  that  at- 
tack the  bark  of  shade  trees,  when  such 
trees  are  in  poor  condition  from  lack  of 
moisture,  insufficient  plant  food,  or  other 
causes.  They  feed  in  the  cambium,  making 
very  many  fine  burrows  (Fig.  453)  that  eventually  cut  off  the  sap  flow 
and  kill  the  tree. 

A  typical  life  history  of  these  beetles  is  given  under  Fruit  Insects, 
page  602.  Some  species  of  bark  beetles  have  more  than  one  generation 
a  year,  but  all  injure  trees  in  practically  the  same  way.  The  only  effec- 
tive control  is  to  keep  the  trees  in  a  vigorous  growing  condition  by 
supplying-enough  water  and  plant  food,  and  to  keep  all  dying  and  injured 
wood  pruned  out.     Such  pruning  should  be  done  during  the  winter  or 

1  The  hickory  bark  beetle,  Scolytus  qmulrispinosus  Say,  and  many  others  of  the 
Order  Coleoptera,  Family  Scolytidse. 
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early  Bpring  months,  and  ;ill  such  wood  Bhould  be  carefully  burned.  II 
allowed  to  remain  piled  up  or  Dear  the  trees,  ii  may  act  as  a  breeding 
place  for  bark  hectics  which  will  infest  the  growing  trees  in  the  neighbor- 


Fig.  453. — Work  of  the  hickory  bark  beetle,  Scalytus  quadrispinosus  Say,  in  a  12- 
inch  hickory  tree.  The  dead  bark  has  been  removed.  Note  the  straight,  vertical  eg« 
galleries  made  by  the  females,  and,  radiating  from  each  egg  gallery,  the  numerous  mines 
made  by  the  growing  larvae.      (From  N.  Y.  State  College  of  Forestry,  Tech.  Bull.  No.  17.) 

hood.     No  effective  spray  is  known  that  can  be  used  in  combating  these 
insects. 

References.— Dom.  Can.,  Dept.  Agr.  Tech.  Bull.  14,  Parts  I  and  II,  1917-18;  Miss. 
Agr.  Exp.  Sta.  Tech.  Bull.  11,  1922;  Ore.  Agr.  Exp.  Sta.  Bulls.  147,  1918  and  172,  1920; 
U.  S.  Dept.  Agr.  Farmers'  Bull.  1188,  1921;  U.  S.  Dept.  Agr.  Bureau  Entomol.  Bulls.  56, 
1905;  58,  1906-09;  and  83,  1909. 

Carpenter  Worm1 

Importance  and  Type  of  Injury. — This  insect  is  very  common  on  many  shade  trees. 
especially  on  oak.  Infested  trees  have  large  burrows  running  through  the  wood, 
with  occasional  openings  through  the  bark  of  the  trunk,  from  which  sawdust  may  be 
forced  out,  or  from  which  a  discharge  of  dark-colored  sap  will  be  oozing  and  discoloring 
the  trunk.  The  burrows  of  the  insect  in  the  trunk  will  sometimes  be  as  much  as  1 
to  1'2  inches  in  diameter.      These  galleries  occasionally  arc  so  numerous  Bfl  to  weaken 

1  Prionnxystux  robinvr  Peck,  Order  Lepidoptera,  Family  CossicUe. 
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trees,  and  cause  them  to  be  broken  off  during  high  winds.     The  injury  also  greatly 
lessens  the  value  of  lumber  or  posts  from  infested  trees. 

Trees  Attacked. — Oaks,  particularly  those  of  the  black-oak  and  red-oak  group, 

maple,  Cottonwood,  willow,  and  chestnut. 

Distribution. — The  insect  is  generally  distributed  throughout  the  United  Slates 
and  southern  Canada. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the  larval  stage  in 
the  burrows  in  the  trunk  and  large  branches  of  the  tree.  The  borers  will  vary  in  size, 
according  to  their  age,  from  1  inch  up  to  2  inches  or  a  little  over.  The  general  color 
is  white  tinged  with  pink,  with  a  very  dark-brown  head  and  numerous  dark  brown 
tubercles  over  the  body.     The  insects  pupate  in  large  cells  excavated  in  the  wood  of  t he 


Fig.  454. — The  carpenter  worm,  Prionoxystus  robinice  Peck,  adult  female,  natural  size. 

{From  Ohio  Agr.  Exp.  Sta.  Bull.  332.) 

tree,  and  just  before  emerging  the  pupa?  work  part  way  out  of  the  burrow.  The  adult 
moth  on  emerging  generally  leaves  the  empty  pupal  skin  protruding  from  the  tree. 
The  moths  are  abroad  at  night  during  the  summer  months.  In  this  stage,  the  insect  is 
of  very  striking  appearance  (Fig.  454),  having  a  wing  expanse  of  as  much  as  3  inches, 
in  the  female.  The  moths  are  of  a  general  gray  color,  mottled  with  lighter  shadings, 
the  hind  wings  being  faintly  tinged  with  yellow.  In  the  male  the  hind  wings  have  a 
distinct  orange  margin.  The  eggs  are  laid  in  crevices  in  the  bark  and  the  young  borers 
on  hatching  immediately  work  their  way  into  the  wood  of  the  tree.  Three  years  are 
probably  required  for  completion  of  the  larval  growth. 

Control  Measures. — There  is  no  effective  practical  control  known  for  combating 
this  insect. 

Reference.— Ohio  Agr.  Exp.  Sta.  Bull.  332,  p.  329,  1918. 

Leopakd  Moth1 


Importance  and  Type  of  Injury. — Branches,  especially  in  the  tops  of  trees,  are  dead 
and  smaller  branches  broken  over  or  hanging  partly  cut  off,  during  the  latter  part  of 
the  summer.  The  leaves  wilt  suddenly  on  small  branches.  There  are  holes  along 
such  branches,  from  which  damp  sawdust  is  being  pushed  out  (Fig.  455). 

Trees  Attacked. — Elms  and  maples  are  the  favored  food  plants,  but  the  insect 
attacks  also  many  other  deciduous  shade  trees. 

1  Zeuzera  pyrina  Linnc,  Order  Lepidoptera,  Family  Oossida?. 
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Distribution.  Thifl  moth  18  B  native  of  Europe.  Il  \v:is  firsl  found  in  the  United 
States  in  New  York,  in  L882.  Il  is  now  well  established  along  the  Atlantic  Coa  I 
from  New  Jersey  northward  to  New  Hampshire, 

Life  History,  Appearance)  and  Habits.  The  winter  is  passed  as  a  partly  grown 
larva,  from  1  to  !'■_•  inches  in  length,  in  burrows  in  the  heartwood  of  infested  trees. 

The  worms  (Fig.  455)  are  of  a  pinkish-white  color,  with  many  dark-brown  spots 
disl  ributed  over  the  body.  In  the  Bpring  t  he  worms  start  feeding  and  boring  through 
the  wood,  the  smaller  ones  continuing  to  feed 
throughout  the  season,  while  the  larger  ones  become 
full-grown  in  the  late  spring  and  change  to  a 
brown  pupal  stage  within  their  burrows.  When 
the  moth  is  ready  to  emerge,  the  pupa  forces  itself 
partly  out  of  the  burrow  and  the  skin  splits  down 
the  back,  permitting  the  adult  moth  to  escape. 
Emergence  t  akes  place  from  June  to  early  fall.  The 
adults  (Fig.  455)  are  very  striking  in  appearance, 
being  of  a  general  white  color,  blotched  and  spot- 
ted with  blue  and  black.  They  have  a  wing  ex- 
panse of  from  2  to  3  inches.  The  eggs  to  the 
number  of  400  to  800  are  laid  in  crevices  of  the 
bark.  They  hatch  in  about  10  days,  and  the  young 
borers  rapidly  work  their  way  into  the  heartwood 
of  the  branch.  It  requires  from  2  to  3  years  for 
the  insect  to  complete  its  growth. 

Control  Measures. — Where  this  insect  is  abund- 
ant, it  is  very  important  that  all  infested  branches 
be  cut  and  burned  during  the  fall  and  winter 
months.  It  is  quite  easy  to  detect  the  infested 
branches  during  the  early  fall  months,  because  of 
the  wilting  of  the  leaves  and  the  numerous  holes 
along  the  branches  from  which  the  sawdust  is  being 
thrown  out. 

References. — Conn.  Agr.  Exp.  Sta.  Bull.  169, 
1911;  N.  Y.  State  Museum,  Mem.,  8,  Vol.  1,  pp. 
75-79,  1905;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1169, 
1925. 

Lilac  Borer1 


Fig.  455. — The  leopard  moth, 
Zeuzera  pyrina  Linne ;  work  in  small 
twig,  and  borings  hanging  from 
bark,  nearly  full  grown  larva  and 
adult  moth.  One-half  natural  size. 
(From  Felt,  "Manual  of  Tree  and 
Shrub  Insects,"  copyright,  1924,  by 
the  Macmillan  Company.  Re- 
printed by  permission.) 


Importance  and  Type  of  Injury. — Lilac 
canes  are  dying,  the  base  of  the  canes  ex- 
hibiting swollen  areas  where  the  bark  is  cracked  and  broken  away  from 
( he  wood.     There  are  numerous  holes  through  the  bark  and  wood.     Canes 
suddenly  wilt  and  show  fine,  sawdust-like  borings  forced  out  from  holes 
in  the  bark.     Figure  456  shows  typical  injury  on  ash. 

Plants  Attacked. — Lilac  and  ash  are  the  two  most  seriously  infested, 
although  the  insect  is  occasionally  taken  in  some  other  trees. 

Distribution. — Eastern  United  States,  westward  to  Colorado. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  as  a 
partly  grown  larva  in  the  stems  of  lilac,  usually  near  the  surface  of  the 

1  Podoseria  s>/ring<i  Harris,  Order  Lepidoptera,  Family  /Egeriids. 
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soil,  and  in  Infested  trees.     The  insect  starts  feeding  In  the  spring  and 
completes  its  growth  bj   early  summer.     At   this  tunc  it   Is  a   nearly 

pure-white  worm,  about  1  ! ._,  inches  long,  with  a  brown  head.     It  trans- 
forms in  the  burrow  to  a  brown  pupal  stage  and  emerges  in  about  3 

weeks  as  a  clear- winded  moth  of  a  somewhat  wasp-like  appearance.      The 


Flo.  456. — Ash  tree  injured  by  lilac  borer,  Podoaesia  syringice  Harris.      {From  III.  State 

Nat.  Hist.  Sur.) 

fore  wings  are  of  a  general  brown  or  chocolate  color,  the  hind  wings  are 
clear,  marked  with  a  dark  border.  The  body  is  mainly  brown  and  the 
legs  are  marked  with  brown  and  yellow.  The  insect  is  about  1  inch  in 
length  with  a  wing  expanse  of  1}4  inches.  The  moths  are  very  active 
fliers.  The  females  deposit  their  eggs  on  the  bark  about  the  base  oi 
lilac  canes,  or  on  ash.  The  worms,  hatching  from  them,  become  about 
half  grown  by  cold  weather.     There  is  one  generation  a  year. 
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Control   M insures.    The  only  effective  method  of  combating  this 

insect  is  to  cut  out  in  the  late  summer,  or  early  fall,  ;ill  canes  showing 
infestation.  Some  of  the  borers  may  he  killed  in  their  burrows  in  the 
hark,  by  injecting  carbon  bisulfide  with  a  machine  oilcan  as  recom- 
mended for  t  he  poplar  borer. 

Reference.     Twenty-sixth  Rept.  III.  State  Entomol.,  L911. 

Scurfy  Scales' 

Importance  mid  Type  of  Injur!/. — These  scales  are  often  very  injurious  to  smaller 
elm,  willow,  and  dogwood.  They  arc  rarely  a  serious  pest  on  large  trees,  [nfested 
branches  show  small,  flattened,  dirty  white  scales  about  \\q  of  an  inch  long,  lying 
nearly  ilat  on  the  bark.  In  the  winter  many,  reddish-purple  eggs,  just  diseernable 
with  tlu1  naked  eye,  will  be  found  beneath  these  scales.  On  heavily  infested  trees, 
the  entire  bark  may  be  coated  with  the  grayish  scales. 

The  life  history  and  control  for  these  scales  is  similar  to  that  of  the  apple  scurfy 
scale  given  on  page  543. 

Oyster-shell  Scale2 

Importance  and  Type  of  Injury. — Branches  of  trees  or  entire  trees  are 
dying,  the  bark  cracking  and  having  much  the  appearance  of  drying  up 
on  the  branches.  The  bark  is  covered  with  small,  brownish-gray  scales 
about  J£  incn  long  by  Ji6  incn  wide,  usually  curved  and  closely  resem- 
bling a  minature  oyster  shell  (see  Fig.  352).  The  bark  may  be  completely 
covered  with  these  scales. 

Trees  Attacked. — All  species  of  ash,  with  the  exception  of  the  blue 
ash,  poplar,  dogwood,  elm,  soft  maple,  linden,  horse  chestnut,  lilac 
(with  the  exception  of  the  white  lilac),  many  species  of  rose,  and  many 
other  shade  trees  and  shrubs.  The  very  closely  related  form  attacking 
apple  is  described  on  page  544. 

Distribution. — General  throughout  the  United  States. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in 
the  egg  stage  under  the  female  scale.  These  eggs  are  elliptical 
nearly  white  in  color,  and  from  50  to  60  will  be  found  under  each  female 
scale.  They  hatch  late  in  the  spring  after  the  trees  have  come  into 
full  foliage.  In  the  latitude  of  central  Illinois,  this  is  about  June  1. 
The  white,  six-legged  young,  just  diseernable  to  the  naked  eye,  crawl 
about  over  the  tree  for  a  few  hours  and  then  insert  their  beaks  into  the 
hark  and  begin  sucking  the  sap.  They  soon  molt,  and  the  females 
remain  in  this  position  for  the  rest  of  their  lives.  They  grow  rather 
rapidly,  secreting  the  wax  which  forms  into  the  brown  protective  scale 
over  their  bodies.     About  midsummer,  or  a  little  later,  the  males  become 

1  Order  Bomoptera,  Family  Coccidae.     The  elm  scurfy  scale  is  Chionaepu  ameH- 
cana  Johnson;  the  one  on  dogwood  ifl  Chionasfris  enrni  ( 'oolcy;  and  the  one  OD  willow  is 
■  mas/, is  salisis-nigra   <  Walsh  . 
Lepidoeaphes  >j>..  Order  Bomoptera,  Family  Coccids. 
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full-grown  and  change, 

I  w  0  w  inged    insects,    vvhi 

females,  and  die.     After 


Fig.  457.— The  cottony 
maple  scale,  Pulvinaria  viti.s 
(Linne).  Brownish  bodies  of 
female  scales  partially  cover- 
ing the  large  white  tufts  of 
wax  that  enclose  the  eggs  of 
the  scale,  in  late  spring. 
Each  sac  of  wax  may  enclose 
more  than  1,500  eggs.  (From 
Chambers,  Wis.  Dcpt.  Agr.) 


under  their  scales,  to  minute,  yellowish-white, 

oh  tty  about  for  a  short  time,  mate  with  th 
mating,  the  female  deposits  her  eggs,  her  body 

gradually  shrinking  to  the  small  end  of  the  scale 
where  she  finally  dies.  There  is  hut  one  genera 
tion  of  this  species  of  oyster-shell  scale  each 
year.  Another  kind  of  oyster-shell  scale,  some 
what  closely  resembling  this  one,  occurs  oi 
cert  ain  species  of  dogwood.  The  dogwood  form 
has  two  generations  each  year. 

Control  Measures. — Spraying  thoroughly 
with  lime-sulfur,  used  at  a  dilution  of  1  part, 
33°  Be.  lime-sulfur  to  7  parts  of  water,  just 
before  the  leaves  come  out,  will  clean  up  this 
scale,  if  the  treatment  is  persisted  in  for  3  or  4 
seasons.  The  effect  of  this  spray  is  mainly  from 
the  residue  remaining  on  the  bark,  which  pre- 
vents the  young  scales,  after  hatching,  from 
attaching  themselves  to  the  bark.  A  more 
effective  method  is  to  spray  at  the  time  the 
young  scales  are  hatching,  using  a  miscible  oil 
that  will  not  injure  foliage,  or  a  lubricating-oil 
emulsion  (see  p.  250),  applied  at  a  strength  of 
2  per  cent  oil.  Very  thorough  applications  must 
be  made  in  order  to  hit  all  parts  of  the  tree, 
which  at  this  time  is  protected  by  the  foliage. 
Recent  experiments  with  this  method  have 
shown  it  to  be  the  most  effective  for  the  con- 
trol of  this  insect.  Spraying  with  oils  during 
•  the  dormant  season  cannot  be  relied  on  to  pre- 
vent more  than  80  or  90  per  cent  of  the  eggs 
from  hatching.  The  planting  of  resistant  shade t 
trees,  such  as  the  blue  ash,  hackberry,  hard 
maples,  and  oaks  will  keep  down  this  scale,  as 
it  does  not  breed  on  these  trees. 

References. — Ohio  Agr.   Exp.   Sta.   Circ.    143,   1914; 
Jour.  Econ.  Entomol.  Vol.  13,  p.  173,  1920. 


Cottony  Maple  Scale1 

Importance  and  Type  of  Injury. — This  is  one  of  the  most  destructive 
scales  on  soft  maple,  and  also  injures  some  other  trees.  Attention  is 
usually  attracted  to  infested  trees  by  the  cottony-appearing  masses  of 
scale  along  the  underside  of  the  twigs  and  branches  during  May  and 

1  Pulvinaria  vitis  (Linne)  Order  Homoptera,  Family  Coccida). 
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June  (Fig.  157).  Branches  of  heavily  infested  trees  die,  and  the  foliage 
of  the  entire  tree  turns  m  sickly  yellow.  The  reduction  of  the  vigor  of 
tlic  tree  by  the  scale  often  leads  to  attacks  by  bark  beetles  or  other 
borers. 

Plants  Attacked.— Soft  maple,  linden,  Norway  maple,  apple,  pear, 
willow,  poplar,  grape,  hackberry,  sycamore,  honey  Locust,  beech,  elm, 
plum,  peach,  gooseberry,   Virginia  creeper,  currant,  sumac,  and  some 

ot  hers. 

Distribution. — The  insect  is  distributed  throughout  the  United 
Slates  and  Canada.  It  is  most  destructive  in  the  northern  part  of  the 
United  Slates. 

Life  History,  Appearance,  and  Habits. — The  cottony  maple  scale 
passes  the  winter  as  a  small,  brown,  flattened  scale,  a  little  less  than 
3g  inch  long,  attached  to  the  bark  of  twigs  and  small  branches.  These 
scales  are  all  females.  In  the  spring,  as  soon  as  the  sap  starts  to  flow, 
they  grow  very  rapidly,  and  soon  begin  depositing  their  eggs,  which 
are  secreted  in  cotton-like  masses  of  wax  under  the  scale.  This  wax 
is  secreted  in  such  abundance  that  it  forms  a  mass  several  times  the 
size  of  the  overwintering  insect,  and  the  body  of  the  scale  often  becomes 
elevated  at  an  angle  from  the  twig.  From  1,500  to  3,000  eggs  are  laid 
by  each  female.  The  eggs  hatch  during  late  June  and  July,  in  the 
latitude  of  central  Illinois,  and  the  young  scales  crawl  from  the  twigs 
to  the  undersides  of  the  leaves,  where  they  suck  the  sap  along  the  midrib 
or  the  veins.  They  become  mature  during  August  and  September, 
mating  takes  place  and  the  males  die,  the  females  crawling  back  to  the 
prigs  and  small  branches,  where  they  pass  the  winter. 

Control  Measures. — Spraying  during  the  early  spring,  just  before  the 
leaves  put  out  on  the  maples,  is  the  most  effective  method  of  controlling 
this  scale.  The  best  spray  to  use  is  a  good  oil  emulsion,  at  the  strength 
recommended  by  the  manufacturer,  or  home-made  oil  emulsion  (see 
p.  250)  at  a  strength  of  2  per  cent  oil.  A  complete  clean-up  may  be 
obtained  by  this  treatment.     Summer  spraying  is  of  very  little  value. 

References.  -Twenty-sixth  Rept.  III.  State  Eniomol.,  p.  62,  1911;  Ohio  Agr.  Exp.  Sta. 
Hull.  332,  1918. 

Terrapin  Scale1 

Nearly  hemispherical,  reddish-brown  scale-,  about  U  inch  across  and  very  convex 
in  outline,  cluster  on  the  bark  of  twigs  and  branches  (see  Fig.  403).      The  scale  is 

generally  somewhat  mottled  and  streaked  with  black.  The  bark  is  often  entirely 
covered  for  Considerable  distances  along  the  branches. 

Maple   and   sycamore  are   most  severely   injured.      It    also  attacks  osage  orange, 
peach,  plum,  pear,  quince,  and  some  other  shade  trees.      The  distribution,  life  history, 
,and  control  of  this  insect  are  discussed  on  page  (>03. 

1  Eulecanium  nigrofaseiatum  Pergande,  Order  Homoptera,  Family  Coccidse. 
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Importance   anil   Type  <>f  Injury.     Infested    trees   haTe   the   foliage   somewhat 
yellowed,  with  rather  elongated,  whitish  scales  up  to  '-,  inch  in  length,  attached  to  1 1n 
leaves.     These  white  scales  (Fig.  458)  on  the  green  leaves  or  needles  of  pine  or  other 
evergreens,  often  first  attracl  notice  to  the  presence  of  the  insects. 

Trees  Attacked.—  Pines,  spruces,  firs,  and  hemlocks. 

Distribution.  Throughout  the  northern  United  State-  and 
southern  Canada. 

Life  History,  Appearance,  anil  Habits. — The  winter  is  passed 
in  the  form  of  very  minute,  purplish  eggs  underneath  the  gray 
parent  scale.  From  20  to  30  of  these  eggs  will  be  found  under 
each  scale.  The  eggs  hatch  in  midspring  into  crawling  young, 
which  move  about  for  a  short  time,  and  then  settle  down  and 
secrete  a  scale  about  their  bodies.  They  become  full-grown  by 
late  summer,  and  a  second  generation  is  produced  from  eggs  laid 
during  August.  These,  in  turn,  become  full-grown,  and  the 
females  deposit  eggs,  by  fall.  In  the  latitude  of  Illinois  and  Ohio 
there  are  two  generations  annually,  although  probably  only  one 
farther  north. 

Control  Measures. — Spraying  with  dilute  oil  emulsion,  at  the 
time  the  eggs  of  this  scale  are  hatching,  is  the  most  effective 
method  of  control.  A  good  home-made  oil  emulsion  at  a  strength 
k™  of  2  per  cent  oil,  will  not  injure  the  trees  unless  applied  in  large 
a  mounts  or  during  very  hot  weather.  If  a  commercial  oil  is  used, 
care  should  be  taken  to  secure  an  oil  that  is  recommended  for  use 
on  evergreens,  as  these  trees  are  more  susceptible  to  injury  than 
deciduous  trees. 

Reference.— Ohio  Agr.  Exp.  Sta.  Bull.  332,  p.  291,  1918. 


Fig.     458.— The 

pine  leaf  scale, 
Chionaspis  p  i  n- 
ifoliw  Fitch.  One 
leaf  shows  the  small 
male  scales  and  the 
larger  female  scales. 
The  width  of  the 
scales  varies  to 
some  extent  with 
the  width  of  the 
leaf.  About  twice 
natural  size.  {From 
Ohio  Agr.  Exp.  Sta. 
Unit.  332.) 


Cockscomb  Elm  Gall2 


Importance  and  Type  of  Injury. — This  aphid  seldom  causes 
the  death  of  the  elm  trees,  but  often  becomes  annoying  because 
of  the  fact  that  its  galls  make  the  trees  unsightly.  Leaves  of' 
elms  infested  with  this  aphid,  have  crinkled  reddish  galls  on  their  I 
upper  surfaces.  These  galls  quite  closely  resemble  a  minature 
rooster's  comb  (Fig.  459).  During  the  early  part  of  the  growing 
season,  the  galls  are  green  or  reddish  in  color.  During  the  late 
summer,  they  dry  and  become  brown.  An  examination  of  the 
green  galls  will  show  that  they  are  filled  with  small,  rather 
smooth,  greenish  or  brownish  aphids.  A  narrow  slit  on  the 
underside  of  the  leaves,  serves  as  an  entrance  to  the  gall,  although 
during  the  early  part  of  the  season  this  slit  is  so  nearly  closed  that  the  aphids  cannot 
gel  through  it. 

Trees  Attacked. — Elm,  especially  red  elm. 
Distribution. — General  over  the  United  States. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  as  a  dark-brown  shiny 
egg  in  cracks  in  the  bark  of  the  elm  tree.  These  eggs  hatch  in  the  spring  when  the 
leaves  are  partly  grown.  The  aphids  crawl  to  the  leaves  and  begin  feeding  by  sucking 
the  sap.     Where  they  start  to  feed,  the  peculiar  gall  formations  start  growing,  enclos 

1  Chionaspis  pinifolice  Fitch,  Order  Homoptera,  Family  Coccidae. 

2  Colopha  ulmicola  Fitch,  Order  Homoptera,  Family  Aphididffi. 
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ing  the  aphids.  The  aphids  remain  inside  these  galls,  giving  birth  to  Living  young,  bo 
thai  if  the  gall  ia  broken  open  during  the  summer,  it  will  be  round  swarming  with 
aphids.     As  the  aphids  feed,  they  give  off  quantities  of  honeydew,  which  drops  from 

the  nails  as  they  begin  to  crack  open  late  in  the  season,  often  nearly  coating  the  sur- 
faces of  walks  under  the  trees.      This  honeydew,  attracts  flics  and  ot  her  insects,  which 

add   to  the  unsightly  appearance  of  infested  trees.     During  the  summer,  the  galls 

crack  open  and  the  aphids  make  their  way  out.  Winged  migrants  carry  the  species 
to  the  roots  of  various  grasses,  where  the  aphids  live  during  the  summer,  returning 
to  elms  in  t  he  fall. 


Fig.  459. — The  cockscomb  elm  gall,  Colopha  ulmicola  Fitch.  A  number  of  galls  on 
loaves  of  white  elm.  About  natural  size.  {From  Washburn,  "Injurious  Insects  and  Useful 
Birds,"  courtesy  J.  B.  Lippincott  Co.) 

Control  Measures. — There  is  no  practical  control  measure  for  this  insect  other  than 
cutting  off  the  galls  early  in  the  season,  as  soon  as  they  start  showing  on  the  leaves. 
This  of  course,  can  be  done  only  on  small  trees,  or  those  that  are  especially  valuable. 

Reference.— Ohio  Agr.  Exp.  Sta.  Bull.  332,  p.  311,  1918. 


Woolly  Apple  Aphid 

This  insect  is  described  and  the  means  of  control  are  given  under  Apple  Insects, 
page  550.  It  frequently  becomes  very  abundant  on  elm  where  its  feeding  on  the 
leave-  in  the  spring  causes  them  to  curl  and  bunch  together.  No  true  galls  are  formed 
by  this  insect,  so  that  it  can  be  readily  distinguished  from  the  work  of  the  cockscomb 
gall  aphid. 

Other  Aphids  of  Shade  Trees  and  Shrubs 

Nearly  all  shade  trees  and  ornamental  shrubs  Buffer  to  some  extent 
from  the  attacks  of  aphids,  especially  Spircea  ran  Houtii,  rosea  of  all 
varieties,  snowball,  poplar,  sycamore,  and  maple.  In  general,  the  life 
history  and  control  of  these  aphids  is  very  similar  to  that   described  on 

pages  1  12  and  5  Hi. 
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Elm  Leaf  Beetle1 


Importance  and  Type  of  Injury. — This  beetle  is  one  of  the  most 

destructive  pests  of  the  elm  tree  throughout  the  eastern  United  States. 
Infested  trees  have  a  general  yellow  appearance  of  the  foliage,  with  many 
leaves  skeletonized.  Yellowish  to  dull-green  beetles  about  J4  mcn  long, 
with  an  indistinct  black  stripe  along  each  side  (Fig.  460,  5,  6),  or  small 
yellow  to  black  larvae  (2,  3)  will  be  found  feeding  on  the  leaves,  or  crawling 


Fig.  460. — The  elm  leaf  beetle,  Galerucella  xanthomelcena  Schrank.  1,  egg  mass,  2, 
young  larva,  3,  full  grown  larva,  4,  pupa,  5  and  6  adult  beetles,  about  twice  natural  size; 
above  injured  leaves,  reduced.  {From  Felt's  "Manual  of  Tree  and  Shrub  Insects,'1  copy- 
right, 1924,  by  the  Macmillan  Company.     Reprinted  by  permission.) 

about  on  the  bark  of  the  trunk,  sometimes  clustered  in  great  numbers 
about  the  base  of  the  trunk. 

Trees  Attacked. — The  different  species  of  elm,  the  English  elm  and 
camperdown  elm  being  most  subject  to  attack. 

Distribution. — The4  elm  leaf  beetle  is  of  European  origin,  and  was 
probably  brought  into  this  country  some  time  about  1850.  It  is  now 
established  over  most  of  the  eastern  United  States,  and  has  been  found 
as  far  west  as  Indiana  and  Kent  ucky.     It  has  never  been  taken  in  Illinois, 

1  Galerucella  xanthomelcena  Schrank,  Order  Coleoptera,  Family  Ohrysomelidae. 
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but  has  been  found  in  many  of  the  wesl  ceni  pal  states,  and  in  Washington, 
( Oregon,  and  ( lalifornia, 

Life  History,  Appearance,  and  Habits. — The  adult  beetles  go  through 

the  winter  hidden  away  in  sheltered  places  which  will  afford  them  some 
protection  from  the  went  her.  They  are  about  J^  inch  Long,  of  a  reddish- 
yellow  color,  with  several  black  spots  on  the  head  and  thorax,  and  some- 
what indefinite  black  lines  on  the  wings.  The  beetles  fly  to  the  elm  <  pees 
shortly  after  they  come  into  foliage  in  the  spring,  and  deposit  double 
rows  of  yellowish  eggs  resembling  minute  lemons  (Fig.  460,  1)  on  the 
undersides  of  the  elm  leaves,  usually  about  25  in  a  place.  The  slug-like 
larvae  hatching  from  these  eggs  are  yellow  in  color,  spotted  with  black. 
They  feed  for  about  3  weeks,  and  when  full-grown,  are  ^  inch  in  length. 
They  then  crawl  down  the  trunk  of  the  tree,  gathering  in  large  masses 
about  the  base  of  the  tree  or  in  any  shelter  near-by.  Here  they  pupate, 
emerging  as  beetles  in  from  1  to  2  weeks.  There  are  from  two  to  three 
generations  a  year,  depending  on  the  locality. 

Control  Measures. — The  elm  leaf  beetle  may  be  held  in  check  so  that 
no  damage  from  it  will  occur,  if  the  trees  are  thoroughly  sprayed  with 
arsenate  of  lead,  using  3  pounds  to  50  gallons  of  water.  The  first  spray 
should  be  applied  about  a  week  after  the  elms  have  come  into  full  foliage. 
If  only  a  part  of  the  trees  in  the  neighborhood  have  been  sprayed,  it  will 
be  necessary  to  make  another  application  for  the  second  generation  of 
beetles,  putting  this  application  on  about  midsummer.  Many  of  the 
larvae  may  be  killed  about  the  base  of  the  tree  when  they  have  come  down 
to  pupate,  by  spraying  with  a  strong  soap  solution.  Ordinary  laundry 
soap  at  the  rate  of  3  ounces  to  1  gallon  of  water,  applied  to  the  bodies  of 
the  larvse,  will  kill  them. 

References. — Conn.  Agr.  Exp.  Sta.  Bull.  155,  1907;  N.  Y.  State  Museum  Bull.  156, 
1912;  Ore.  Agr.  Exp.  Sta.  Circ.  92,  1920. 

Bag  worm1 

Importance  and  Type  of  Injury. — Infested  trees  have  the  foliage 
stripped  or  very  much  ragged.  Numerous  sacks  or  bags  (Fig.  461)  from 
34  to  1J-2  inches  in  length  hang  down  from  the  twigs,  leaves,  branches, 
and  sometimes  on  the  bark  of  the  trunk.  During  the  summer  these  bags 
contain  dark-brown,  shiny-bodied  worms. 

Trees  Attacked. — This  insect  is  a  very  general  feeder,  attacking  practi- 
cally all  deciduous  and  evergreen  trees. 

Distribution. — The  bagworm  is  generally  distributed  over  the  Eastern 
(  oited  St  ates,  being  more  seven4  in  the  soul  h-central  parts  of  t  he  count  ry. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
form  of  pale,  whitish  eggs,  inside  the  bag  in  which  the  female  worm  lived 

1  Thyridopteryx  ephemerceformis  Haworth,  Order  Lepidoptera,  Family  Psychidae. 
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during  the  summer.  These  eggs  hatch  rat  her  late  in  i  he  spring,  alter  t  he 
nets  have  come  into  full  foliage.  In  the  latitude  of  central  Illinois,  they 
hatch  aboul   June   10  to   lf>.     The  young  worms  on  hatching  almosl 

immediately  spin  a  silken  sack  or  bag  about  themselves,  and  then  begin 
feeding  on  the  foliage.     As  they  feed,  they  attach  to  the  bag  bits  of  the 

leaves  on  which  they  are  feeding.  The  hag  is  carried  about  by  the  insect 
wherever  it  goes,  the  larva  merely  protruding  the  front  end  of  its  body 
from  the  bag.  It  is  almost  impossible  to  draw  the  larva  out  of  the  bag 
without  crushing  its  body.     This  bag  offers  almost  complete  protection 


Fig.   461. — Cases  of  the  bagworm,    Thyridopteryx  ephemera" formis   Haworth,   fastened  to 
twig  of  cedar,  as  found  in  winter.      Natural  size.      (From  III.  State  Xat.  Hist.  Sur.) 


from  birds,  but  the  worms  are  parasitized  by  several  species  of  flies  and 
wasp-like  parasites.  The  worms  are  of  a  brown  color  over  the  entire  body 
and  head,  and  when  full-grown  the  insect  measures  about  1  to  \}/±  inches 
in  length,  the  bags  at  that  time  being  from  \x/i  to  2}^  inches  in  length. 
They  pupate  within  the  bag  during  early  September,  attaching  the  bag 
to  the  twigs  with  a  thread  of  silk  (Fig.  461).  The  male  changes  to  a 
black-winged  moth,  with  a  wing  expanse  of  about  1  inch.  These  moths 
emerge  from  the  bags  and  fly  actively.  The  female  moths,  however,  are 
wingless  and  never  leave  their  bags,  merely  protruding  their  bodies  from 
the  tip  of  the  bag  during  mating,  and  then  retreating  within  the  bag, 
where  they  deposit  their  eggs  and  shortly  afterwards  die. 

Control    Measures. — On   small    trees,    or    those    that    can    be   readily 
reached,  a  thorough  clean-up  of  the  bags  during  the  winter  by  hand 
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picking  and  burning,  will  effectively  control  the  Insects.  This  method  is 
one  of  i  lie  best  to  use  when  infestations  are  first  starting,  but  for  a  general 
infestation  over  shade  t  pees  in  a  neighborhood,  the  most  effect  ive  cont  rol 
is  Bpraying.  Arsenate  of  lead  should  be  used  at  I  he  rate  of  4  pounds  to  50 
gallons  of  water,  applying  I his  spray  during  t he  lal  ter  part  of  .Juno  in  i he 
Latitude  of  central  Illinois  and  Ohio,  putting  on  the  spray  a  little  earlier 
to  the  south.  A  weaker  spray  is  not  effective,  as  those  insects  are  very 
hard  to  poison.  Where  the  bags  are  collected,  care  should  be  taken  that 
they  are  removed  from  t  he  t  roes  and  burned,  as  if  they  are  merely  thrown 
about  the  ground,  the  eggs  will  hatch,  and  many  of  the  worms  will  find 
their  way  to  t  he  t  rees. 

Reference.— Mo.  Agr.  Exp.  Sta.  Bull.  104,  1912. 

Catalpa  Sphinx1 

Importance  and  Type  of  Injury. — This  is  one  of  the  most  serious  insect 
pests  of  the  catalpa  tree.  Infested  trees  will  have  the  leaves  eaten  off  by 
dark  or  black  caterpillars  from  1  to  3  inches  in  length  with  dark-green 
markings  on  their  bodies,  and  a  sharp  horn  at  the  tip  of  the  abdomen 
(Fig.  462).     The  markings  vary  greatly  in  different  individuals. 

Trees  Attacked. — Catalpa. 

Distribution. — This  insect  is  widely  distributed  in  the  United  States, 
but  is  of  no  importance  in  the  most  northern  or  western  states. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  as  brown 
naked  pupce  in  the  soil,  2  or  3  inches  below  the  surface.  These  pupae 
(Fig.  462,  j)  will  be  found  under  and  in  close  proximity  to  catalpa  trees. 
The  moths  (k)  emerge  shortly  after  the  catalpas  have  come  into  full  leaf, 
and  deposit  their  white  eggs  in  masses  on  the  undersides  of  the  leaves. 
Sometimes  as  many  as  1,000  eggs  have  been  found  in  a  single  mass.  The 
moths  are  of  a  general  gray  color  with  a  wing  expanse  of  from  2x/i  to  3 
inches.  They  fly  mainly  at  night,  and  are  seldom  seen.  The  eggs  hatch 
in  10  days  to  2  weeks,  and  the  young  caterpillars  at  once  begin  feeding  on 
the  foliage.  At  first,  they  feed  in  groups  (b,  b),  but  later  separately. 
The  full-grown  caterpillars  are  about  3  inches  in  length,* with  a  moderately 
large  black  horn  protruding  from  the  tip  of  the  body.  The  backs  of  the 
worms  are  often  almost  completely  covered  with  the  whitish  cocoons  of  a 
wasp-like  parasite.2  Upon  becoming  full-grown,  they  go  down  t  he  trunk 
of  the  tree,  enter  the  ground,  and  there  change  to  the  pupal  stage. 
There  are  two  generations  of  the  insect  each  season,  at  40°  north  latitude, 
the  second  generation  of  worms  appearing  on  the  trees  during  late  August 
and  early  September. 

Control  Measures. — While  these  worms  are  large  and  very  ravenous 

feeders,  they  may  be  very  easily  controlled  by  spraying  or  dusting. 

1  Ce  atomic  catalpa .  Boisduval,  ( tarder  Lepidoptera,  Family  Sphingids. 
[panteles  congregatus  Say,  Order  Bymenoptera,  Family  BraconicUe. 
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Spraying  with  arsenate  of  lead,  at    the  rale  of  2  pounds  to  .")()  gallons  of 

water,  applying  the  spray  as  soon  a>  any  of  the  caterpillars  are  noticed  on 

the  leaves,   will  afford  almost    complete    protection.       Dusting  with  arse- 
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Fig.  462. — Catalpa  sphinx,  Ccratomia  catalpce  Boisduval.  Above  at  A-,  adult  female 
moth;  at  center  (e,  /,  h)  three  caterpillars  stripping  leaves;  below  at  a,  an  egg  mass  on  leaf; 
and  at  j  the  pupa;  b  and  c,  partly  grown  larva?;  /,  a  single  egg  enlarged;  d,  g,  and  i  show  the 
variation  in  color  pattern  of  single  segments  of  larvae  from  above.  Slightly  reduced. 
(From  Ohio  Agr.  Exp.  Sta.) 


nate  of  lead,  or  calcium  arsenate,  at  the  rate  of  8  to  10  pounds  per  acre  is 
also  very  effective.  The  insects  are  heavily  parasitized,  and  severe  out- 
breaks usually  last  for  only  1  or  2  seasons,  with  a  break  of  about  the  same 


INSECTS  ATTACKING  SHADE  TREES  AND  SHRUBS 


685 


period  before  the  worms  will  again  become  numerous  enough  to  strip  the 
t  reefl  completely. 

Reference.     Ohio.  Agr.  Exp.  Sta.  Bull.  382,  pp.  238  241,  L918. 

Walnut  (  Jaterpillab1 

Importance  and  Type  of  Injury. — Walnut,  hickory,  and  other  trees, 
have  the  branches  or  entire  trees  stripped  of  their  leaves  during  July  and 
August.  Masses  of  large,  dark-bodied  white-haired  caterpillars,  cluster 
on  the  trunk  of  the  tree  (Fig.  464),  or  feed  together  on  the  leaves. 

Trees  Attacked. — Walnut,  butternut,  pecan,  hickory,  and  occasionally 
peach,  willow,  honey  locust,  apple,  and  oak. 


In..  403. — "Walnut  caterpillar,  egg  mass,  about  twice  natural  size. 

Sta.  Bull.  332.) 


{From  Ohio  Ayr.  Exp. 


Distribution. — The  insect  is  common  throughout  the  eastern  and 
southern  United  States. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
form  of  a  brown  naked  pupa  about  1  inch  or  a  little  over  in  length.  The 
pupae  will  be  found  from  2  to  6  inches  beneath  the  surface  of  the  soil  in  the 
vicinity  of  the  trees  on  which  the  insect  feeds.  The  adult  moths  emerge 
from  these  pupa?  during  late  June  and  July.  They  measure  1%  to  nearly 
2  inches  across  the  expanded  wings.  The  wings  are  of  a  general  light 
brown,  with  dark-brown,  wavy  lines  running  across  them.  The  hind 
wings  are  lighter  brown  without  the  crosslines.  A  dark-brown  tuft  of  hair 
covers  the  back  of  the  thorax.  The  moths  are  strong  fliers,  and  deposit 
their  cons  in  massesof  200  to  300  (Fig.  463)  on  the  under  side  of  theleavesof 
their  food  plants.  These  hatch  in  about  2  weeks  into  small  reddish  worms 
with  black  heads.     As  they  grow,  the  color  of  the  body  changes  to  brown, 

1  Datana  integer  rim,  i  ( '.rote  and  Robinson,  Order  Lcpidoptora.  Family  Xotodontidae. 
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and  later,  in  the  full-grown  Btage,  to  black.    They  are  covered  with 

rather  soft,  long,  frowzy  white  hairs.  The  full-grown  caterpillar  Lfl  2 
inches  or  a  little  over  in  length.  They  U^'d  together,  several  hundred  in  a 
place,  and  a  single  colony  will  often  st  rip  one  or  t  wo  branches  on  t  he  t  ree. 
V-  t  he  worms  grow,  they  h;t\  e  :i  peculiar  habit  of  coining  down  I  he  t  ree  to 
change  their  skins.     The  en1  ire  colony  crawls  down  the  trunk  at  the  same 


Fig.  464. — A  cluster  of  walnut  caterpillars,  Datana  integerrima  Grote  and  Robinson,  molt- 
ing on  the  trunk  of  a  walnut  tree.      (From  Ohio  Agr.  Exp.  Sta.  Bull.  332.) 

time,  so  that  one  will  often  find  masses  of  worms,  from  4  to  8  inches  across, 
clinging  to  the  trunk  of  the  tree  (Fig.  464).  The  shed  skins  remain  on  the 
tree  trunk,  having  much  the  appearance  of  dead  worms.  On  becoming 
full  grown,  the  caterpillars  leave  the  tree,  crawl  away  for  a  short  distance, 
and  enter  the  ground,  where  they  later  change  into  the  brown  pupal  stage. 
There  is  but  a  single  generation  over  most  of  the  range  of  the  insect, 
although  possibly  two  in  the  southern  areas  where  it  occurs. 
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Control  Measures.  The  most  effective  method  of  controlling  this 
insed  is  i<»  spiny  the  Infested  trees  with  arsenate  <>l  lead  :ii  the  rate  «»i  2 

pounds  In  50  gallons  of  water.      This  spray  should  be  applied  as  soon  as 

(he  caterpillars  are  seen  feeding  upon  the  foliage.     On  small  trees,  the 

colonics  may  be  removed  before  much  of  the  foliage  has  been  destroyed, 
using  a  pole  primer,  and  cutting  off  and  burning  the  tew  Leaves  on  which 
the  caterpillars  arc  starting  to  feed.  If  the  trees  arc  watched  every  day, 
it  is  possible  to  crush  many  of  the  caterpillars  when  they  come  down  the 
trunk  to  shed  their  skins. 

Spraying,  however,  is  the  only  really  effective  remedy  that  can  be 
depended  upon  to  protect  trees  from  all  damage  by  these  insects.  Band- 
ing trees  with  sticky  material  is  of  no  benefit,  as  the  mot  lis  do  not  crawl 
up  the  trunk  to  deposit  their  eggs. 

Reft  n  net  8.—U.  S.  Dept.  Agr.  Farmers'  Bull.  1169,  1921;  N.  Y.  State  Museum  Mem. 
8,  Vol.  1,  p.  303,  1905. 


Ik;.  465. — Larva-  of  the  whito-marked  tussock  moth,  Hcmrrocatn  pa  leucoatigma  Smith  and 
Abbott,  slightly  enlarged.     {From  U.  S.  1).  A.  Farmers'  Hull.  1270.) 


White-marked  Tissock  Moth1 

Importance  and  Type  of  Injur//. — This  insect   is  usually  considered 

more   of   a   shade-tree   than   an   orchard    pest,    but   sometimes,   especially 

in  the  North,  it  becomes  destructive  in  orchards.     The  foliage  is  skele- 

1  Hemerocampa    I euco stigma    Smith    and    Abbott,    Order   Lepidoptera,    Family 
Lymantriidse. 
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ionized  by  yellowish-black,  hairy,  Btriped  caterpillars.     They  are  easily 
recognised  by  the  three  pencil-like  tufts  of  long  black  hairs  thai  project, 

one  on  each  side  of  the  head  and  the  third  from  the  tail,  and  t  wo  bright-red 

spots  on  the  back  towards  the  hind  end.      Fruits  are  sometimes  scarred 
by  the  shallow  feeding  of  the  caterpillars  on  the  surface. 

Trees  Attacked. — Apple,  pear,  quince,  plum,  and  other  deciduous 
fruits  and  almost  all  shade  trees  except  conifers.  Especially  destructive 
to  shade  trees  in  cities. 


Fig.  466. — The  tussock  moth,  Hemerocampa  leucostigma  Smith  and  Abbott,  adult 
female  clinging  to  the  cocoon  from  which  she  has  emerged.  Natural  size.  {From  Ohio 
Agr.  Exp.  Sta.  Bull.  332.) 


Distribution. — Eastern  United  States  and  Canada,  westward  to 
British  Columbia  and  Colorado.     Less  troublesome  in  the  South. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
egg  stage.  The  eggs  are  laid  in  conspicuous  masses  (Fig.  467)  of  50 
to  100,  attached  to  the  trunk,  branches  or  dead  leaves  of  the  tree,  usually 
on  top  of  the  dirty-grayish  cocoon  from  which  the  female  moth  emerged. 
The  eggs  are  covered  with  a  mass  of  white,  stiff  substance,  having  the 
appearance  of  hardened  lather.  They  hatch  in  the  late  spring  into 
light-brown,  hairy  caterpillars,  marked  as  described  above  (Fig.  465), 
which   feed   on   the   surface   of  the   leaves,   skeletonizing  them.   .  They 
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become  full-grown  during  July,  spin  their  cocoons  on  the  trunk  and 
branches,  and  within  i  hese  I  ransform  to  the  pupal,  and  later  to  the  adult, 
moth  stage.  As  is  the  case  wit  I)  cankerworms,  the  male  moths,  which 
are  dark  brown  in  color,  arc  well  provided  with  wings  and  are  strong 

fliers,  while  the  wings  of  the  female  arc  mere  stubs  and  cannot  be  used 
at  all  for  flight  (Fig.  466).  The  moths  emerging  during  midsummer 
soon  deposit  eggs  for  a  second  generation  of  caterpillars,  which  feed 
upon  the  trees  during  the  latter  part  of  August  and  early  September. 
They  transform  to  moths  again  during  September  and  October.  The 
females  lay  eggs  on  their  cocoons  and  these  carry  the  insect  through 


Fio.  4(i7. — Eggs  of  the  white-marked  tussock  moth  as  laid  by  the  wingless  female  on  top  of 
her  cocoon.      (From  III.  State  Nat.  Hist.  Sur.) 


the  succeeding  winter.     In  the  more  southern  part  of  its  range  the 
tussock  moth  may  produce  a  third  generation. 

Control  Measures. — On  shade  trees  it  is  often  possible  to  hold  this 
insect  in  check  by  daubing  the  overwintering  egg  masses  with  creosote, 
as  described  for  the  gypsy  moth  (p.  692).  On  fruit  trees,  an  application 
of  arsenate  of  lead,  at  the  rate  of  1  pound  to  50  gallons  of  water,  should 
be  given  as  soon  as  the  caterpillars  appear  in  numbers  upon  the  trees. 
Outbreaks  of  the  tussock  moth,  while  often  causing  considerable  damage 
for  1  or  2  seasons,  are  usually  short-lived  because  of  the  presence  of 
numerous  insect  parasites  that  always  reduce  outbreaks. 

Reference.— N.  Y.  {Geneva)  Agr.  Exp.  Sta.  Hull.  312,  1909. 
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Gypsi  Moth1 


Importance  and  Type  of  Injury.-  Shade,  fruit,  and  woodland  treei 

are  stripped  of  their  leaves  during  June  and  July  by  small,  flattened, 
pale-brown  caterpillars  with  long  tufts  of  rather  stiff  brown  and  yellow 
hairs  projecting  from  the  sides  of  the  body.  The  caterpillars  (Fig.  468) 
are  about  2  inches  long  when  full-grown.  There  are  five  pairs  of  blue 
tubercles  followed  by  six  pairs  of  red  tubercles,  arranged  in  two  rows 
down  the  back.     This  imported  insect  is  one  of  the  most  serious  pests 


Fig.  468. — Full-grown  larva  of  the  gypsy  moth,  Porthetria  dispar  Linne.  The  tuber- 
cles on  the  back  of  the  segments  are  blue  on  the  front  half  of  the  body,  and  red  on  the  rear 
half.      Natural  size.      (From  U.  8.  D.  A.) 

of  shade  trees,  both  evergreen  and  deciduous  trees,  stripping  the  foliage 
and  often  causing  the  death  of  the  trees.  Millions  of  dollars  have  been 
spent  in  fighting  this  pest  in  the  New  England  States. 

Plants  Attacked. — This  caterpillar  feeds  on  nearly  all  deciduous  and 
evergreen  trees  and  shrubs.  It  also  attacks  the  foliage  of  some  garden 
plants  and  is  frequently  a  very  serious  pest  of  cranberries.  More  than 
500  different  species  of  plants  are  included  in  the  list  of  those  fed  uponi 
by  this  insect. 

Distribution. — So  far  as  known,  the  insect  is  confined  to  the  New1 
England  states,  a  small  area  in  southeastern  Canada  and  an  area  inj 
New  Jersey.     It  was  originally  brought  into  this  country  from  Europ 
in  1869. 

1  Porthetria  dispar  Linne,  Order  Lepidoptera,  Family  Lymantriidae. 
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Life  History,  Appearance,  and  Habits.  The  winter  is  passed  in  the 
egg  stage.  These  eggs  are  Laid  in  masses  of  from  L5  to  BeveraJ  hundred. 
They  are  covered  wit  h  a  coal  bag  of  hair  and  are  aboul  t  Ik-  color  of  chamois 

skin.      In  the  latitude  of   Boston,  the  eggs  hatch  during  Into  April  and 

early  May.    The  young  caterpillars  are  very  voracious  feeders.     During 

the  first  two  instars  they  do  not  feed  on  evergreens,  hut  ;is  they  grow 
Larger  readily  attack  them.  They  become  full-grown  during  the  first 
half  of  July,  and  spin  a  very  loose  light  cocoon  on  the  trunk  of  the  tree 
and  other  near-by  objects.  Within  this  they  change  to  a  dark-brown 
pupal    si  age.     The    moths    begin   emerging   during   the    latter    part    of 
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Fig.   460. — Adult   females  of  the  gypsy  moth,  Porthetria  dispar  Linne,   depositing   their 
egg-masses.      Enlarged  about  one-half.      (From  U.  S.  D.  A.) 

July.  The  males  are  dark  brown  in  color,  with  small  bodies  well  equipped 
with  wings;  and  are  strong  fliers.  The  female  moth  (Fig.  469)  is  of 
light-buff  color,  with  irregular  darker  markings  across  the  wings.  She 
ifl  a  very  heavy-bodied  insect  and  is  able  only  to  flutter  along  the  ground 
but  cannot  travel  by  sustained  flight  through  the  air.  After  mating, 
Bhe  deposits  her  eggs  on  various  objects,  frequently  on  the  undersides 
of  stones,  or  on  buildings,  the  trunks  of  trees,  or  in  many  other  places. 
There  is  but  one  generation  of  the  insert  each  season.  The  adult 
moth  is  incapable  of  flight,  and  it  has  been  found  that  most  of  the 
spread  of  the  insect  occurs  when  the  young  larva1  are  blown  by  the 
wind,  during  the  first  and  second  instars  of  their  existence.  At  this 
time  they  are  carried  long  distances,  having  been  taken  on  islands  off 
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the  New  England  coast,  when-  they  must  have  traveled  through  the  air 
for  at  least  20  miles.  The  young  huva-  are  equipped  with  hollow  hairs, 
which  greatly  increase  their  buoyancy  and  enable  them  to  drift  with 
the  wind  as  above  described. 

('antral. — There  arc  several  effective  control  measures  to  use  against 
this  insect.  During  the  winter,  t  he  egg  masses  may  be  killed  by  touching 
them  with  brushes  wet  with  crude  creosote.  The  larva'  feed  at  night, 
coming  down  the  trunk  of  the  trees  and  hiding  away  in  some  sheltered 
place  during  the  day.  In  the  infested  areas,  bands  of  burlap  are  placed 
around  the  trees  and  these  are  examined  each  day  and  the  larvae  which 
have  sought  shelter  under  them  are  killed.  The  most  effective  method 
of  control  is  by  spraying,  using  a  high-power  outfit  and  drenching  both 
shade  and  woodland  trees  with  a  strong  mixture  of  arsenate  of  lead.  In 
order  to  kill  the  mature  caterpillars,  as  much  as  10  pounds  of  arsenate 
of  lead  in  100  gallons  of  water  is  necessary.  During  the  last  20  years 
the  federal  Bureau  of  Entomology  has  been  actively  engaged  in  importing 
parasites  of  the  gypsy  moth  from  Europe  and  Asia.  A  large  number  of 
these  parasites  are  now  established  in  heavily  infested  areas  in  New 
England,  and  are  doing  very  effective  work  in  keeping  down  this  destruc- 
tive insect.  This  insect  has  cost  the  State  of  Massachusetts  more  than 
a  million  dollars  a  year,  for  the  past  20  years.  It  has  been  confined  to 
the  eastern  part  of  the  United  States  by  strict  quarantine  measures.  At 
present,  a  strong  effort  is  being  made  to  stop  its  westward  spread  across 
the  line  of  the  Hudson  River  and  Lake  Champlain  valleys.  Anyone 
seeing  an  insect  which  they  suspect  of  being  the  gypsy  moth  outside  of 
the  known  area  of  infestation,  should  forward  it  to  the  entomologist  of 
their  state  at  once,  as  it  is  possible  to  clean  up  isolated  infestations  at 
no  great  expense,  but  if  the  insect  should  become  established  over  the 
country,  it  would  certainly  cause  losses  amounting  to  many  millions  of 
dollars  a  year. 

References. — Dom.  Canada  Dept.  Agr.  Bull.  63,  n.  s.,  1926;  U.  S.  Dept.  Agr. 
Farmers'  Bull.  564,  1913;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1335,  1923;  U.  S.  Dept.  Agr. 
Bur.  Entomol.  Bull.  87,  1910. 

Brown-tail  Moth1 

Importance  and  Type  of  Injury. — This  insect  is  a  very  important 
pest  of  deciduous  shade  and  fruit  trees.  The  damage  is  caused  by 
dark-brown,  hairy  caterpillars  stripping  the  leaves  from  trees.  The 
insect  also  causes  great  annoyance  and  sometimes  serious  illness  to 
human  beings  because  of  the  fact  that  its  hairy  body  is  equipped  with 
nettling  hairs,  which  on  entering  the  skin  cause  a  rash  that  is  very 
irritating.     There  have  been  some  instances  where  the  insect  probably 

1  Nygmia  phceorrhoea  Donovan,  Order  Lepidoptera,  Family  Lymantriidae. 
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caused  death  from  large  numbers'  of  the  hairs  being  breathed  into  the 
lungs. 

Plants  AflacLi  </.  Nearly  all  deciduous  1  ices  and  shrubs:  pare  on  buck- 
eye, ash,  hickory,  chestnut ;  never  on  evergreens. 

Distribution.  The  insect  is  a  native  of  Europe  and  was  introduced 
into  eastern  Massachusetts,  on  imported  nursery  stock,  about  1X97.  It 
now  occurs  in  all  of  the  new  England  states  and  has  extended  its  range 
northward  into  southeastern  Canada. 

Life  History f  Appearance,  and  Habits. — The  insect  passes  the  winter 
in  the  form  of  very  tiny  caterpillars,  living  together  in  colonies  of  25 
to  500.  Each  colony  webs  together  several  leaves  and  attaches  them 
firmly  to  twigs,  by  threads  of  very  tough  silk.  These  winter  nests 
(Fig.  470,  2)  are  quite  conspicuous  on  the  trees.  The  caterpillars  are 
so  well  protected  within  these  nests  that  they  can  withstand  very  low 
temperatures.  As  soon  as  the  leaves  start  coming  out  in  the  spring, 
the  little  caterpillars  become  active  and  crawl  out  from  the  nest  to  feed 
on  the  tender  foliage.  They  go  back  within  the  nest  at  night,  for  a 
time,  but  as  they  become  larger  remain  on  the  foliage.  In  the  latitude 
of  Boston  they  become  full  grown  about  the  last  of  June.  The  full- 
grown  caterpillars  (Fig.  470,  3)  are  about  \\^  inches  in  length,  dark 
brown  in  color,  with  a  broken  white  stripe  on  each  side  of  the  body  and 
a  bright-red  tubercle  on  the  back  of  the  eleventh  and  of  the  twelfth 
body  segment.  They  seek  some  sheltered  place  where  they  transform 
to  the  pupal  stage  (4,  5),  and  remain  in  this  stage  for  about  3  weeks, 
and  then  emerge  as  medium-sized  moths.  These  moths  (Fig.  470,  6,  7) 
have1  a  wing  expanse  of  a  little  over  lj^  inches.  The  wings  and  thorax 
are  pure  white.  The  abdomen  is  mostly  brown,  with  a  very  conspicuous 
tuft  of  chestnut-brown  hairs  at  the  tip.  These  moths  are  strong  fliers, 
flying  in  large  swarms  at  night.  Sometimes  in  localities  where  they 
are  abundant,  they  literally  cover  the  sides  of  telephone  poles  and 
buildings,  giving  them  the  appearance  of  being  covered  with  snow. 
Each  moth  deposits  about  200  eggs  on  the  foliage  of  the  food  plants. 
These  eggs  are  laid  in  small  masses  (Fig.  470,  1)  and  are  covered  with 
brown  hairs,  giving  them  a  dark,  chestnut-brown  color.  The  eggs 
hatch  during  August  or  early  September  and  the  young  caterpillars 
from  each  egg  mass  or  from  several  near-by  egg  masses,  feed  together 
for  a  short  time  on  the  terminal  leaves  of  twigs  and  branches  and  then 
spin  the  web  shelter  in  which  they  pass  the  winter.  The  insect  has 
been  shipped  to  many  parts  of  the  world  on  nursery  stock  in  these 
winter  webs.     There  is  one  generation  a  year. 

Control. — The  best  and  most  effective  method  for  controlling  the 
brown-tail  moth  is  to  spray  infested  tree's  during  the  early  spring 
when  the  caterpillars  have  started  to  feed.  From  4  to  5  pounds  of 
arsenate  of  lead  will  have  to  be  used  in  each  100  gallons  of  water.      In 
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Female  Moth 


Fig.  470. — The  brown-tail  moth,  Nygmia  phceorrhoea  Donovan,  showing  the  various  stages 
of  the  insect  and  a  winter  nest  about  natural  size.     (From  Mass.  State  Forester.) 
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light  infestations,  much  can  be  (lone  in  keeping  down  the  numbers  of 
the  insect  by  cutting  off  and  burning  the  winter  webs.  After  a  little 
practice,  these  webs  can  be  easily  detected  on  ifie  tips  of  the  bare 
branches,  and,  with  the  aid  of  a  long  pole  primer  and  a  ladder,  nearly 

all  the  webs  can  he  removed  from  the  trees  and  burned.  During  the 
last  several  years  the  insect  has  been  greatly  reduced  in  numbers  due 
to  the  presence  of  certain  diseases;  and  for  the  last  5  years  has  been  of 
no  great  economic  Importance. 

References.  Dow.  Canada  Dept.  Agr.  Bull.  63,  n.  s.,  1926;  U.  S.  Dept.  Agr. 
Farmers'  Hull.  664,  1913;  U.  S.  Dept.  Agr.  Farmers1  Bull.  1335,  1923;  U.  S.  Dept.  Agr. 
Bur.  Entomol.  Hull.  87.  1910. 


CHAPTER   XX 
GREENHOUSE  INSECTS 

The  insects  that  attack  greenhouse  crops  arc  the  same  as  those  tliat 
attack  related  crops  in  the  field.  Some  of  these  insects  are  field  pests 
only  in  the  South,  but  have  adapted  themselves  to  the  semitropical 
conditions  found  in  greenhouses  in  the  North.  It  would  seem  at  first 
thought  that  insects  could  be  easily  controlled  in  greenhouses,  where 
climatic  factors  can  be  largely  regulated  by  man;  but  this  is  far  from 
being  the  case.  Conditions  must  be  maintained  in  the  greenhouse  to 
give  a  maximum  rate  of  growth  to  the  crop,  and  such  conditions  are 
frequently  very  favorable  for  the  insects  attacking  the  crops.  The  cost 
of  producing  crops  under  glass  is  high,  and  the  loss  of  10  to  25  per  cent 
of  the  crop  from  attacks  by  insects  generally  means  that  the  entire 
operation  of  producing  and  marketing  the  crop  has  been  carried  on  at 
a  loss  to  the  grower.  Crops  grown  under  glass  are  more  easily  injured 
by  heavy  applications  of  insecticides,  or  other  insect-control  measures 
that  affect  the  plants,  than  the  same  crops  grown  in  the  open.  For 
this  reason,  much  greater  care  must  be  exercised  in  the  control  methods 
employed. 

The  best  way  to  prevent  damage  by  insects  to  greenhouse  crops  is 
to  keep  the  insects  out  of  the  houses.  This  may  be  done  by  careful 
inspection  of  all  plants  brought  into  the  houses,  and  by  thoroughly 
cleaning  up  the  houses  by  heat  or  heavy  fumigations  in  the  intervals 
between  crops.  Open  range  houses  are,  on  the  whole,  more  difficult 
to  keep  free  of  insects  than  those  built  in  sections,  as  some  part  of  the 
open  range  house  is  nearly  always  occupied  by  a  crop  in  some  stage  of 
growth.  Under  such  conditions,  strong  fumigations  which  will  kill 
nearly  all  plant  and  animal  life  cannot  be  used  for  cleaning  up  the 
house. 

In  order  to  avoid  insect  injury  in  greenhouses,  three  measures  should 
be  followed:  (1)  Before  a  crop  is  put  in,  or  the  soil  placed  in  the  benches, 
the  houses  should  be  cleaned  out  as  thoroughly  as  possible,  and  if  they 
have  recently  been  infested  with  insects,  a  thorough  fumigation  with 
hydrocyanic  acid  gas  should  be  given  at  a  dosage  equal  to  1  ounce 
sodium  cyanide  to  100  cubic  feet  of  space  (see  page  255).  Such  a 
fumigation  will  kill  practically  all  insect  life  in  any  stage  that  may  be 
present  in  the  house.  (2)  A  careful  inspection  should  be  made  of  the 
soil  being  brought  into  the  benches,  to  make  sure  that  this  soil  does 
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not   contain  wireworms,   white  grubs,  eel  worms,  cutworms,  or  other 

insects  thai  may  be  injurious  to  greenhouse  crops.      If  the  soil  is  infested, 

it   should  be  sterilized   with  steam.     (3)   All   plants  brought    into  the 

greenhouse  should  he  inspected  t<>  make  sure  thai  they  are  free  from 
insert    infestation.      Many    florists   have   Buffered    serious   losses   because 

of  bringing  a  Pew  infested  plants  into  their  houses,  and  thus  starting  an 
infestation  which,  before  it  was  not  iced,  had  spread  throughout  the  entire 
range  of  their  greenhouses. 

Many  of  the  host  accounts  of  the  life  histories,  habits,  and  control  of  greenhouse 
insects  are  contained  in  general  publications  dealing  with  tins  class  of  Insecl  i"   I 
Some  of  t  hese  publications  .'ire  here  listed,  and  should  he  used  as  general  references  for 
further  information  on  the  insects  treated  in  this  chapter. 

Refi  /(  nces.  I)<>»>.  of  Canada,  Dept.  Agr.  Bull.  7,  new  series,  1922;  N.  J.  Agr.  Exp. 
Sfa.  Hull.  296,  1916;  Fifth  Rept.  State  Entomol.  S.  I)„l;.  1924;  U.  S.  Dept.  Agr.  Farmers' 
Hull.  1306,  1923;  U.  S.  Dept.  Agr.  Dept.  Bull.  1357,  1926;  Mich.  Agr.  Exp.  Sta. 
Special  Bull.  134,  1924;  U.  S.  Dept  Agr.  Farmers'  Bull.  1362,  1923;  Twenty-seventh 
Rcpt.  III.  State  Entomol.  1912. 

KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURIOUS  TO  GREENHOUSE 

PLANTS 

A.  Insects  that  si/el:  I  he  sap  of  the  plants: 

1.  Greenhouse  plants  show  a  sickly  appearance,  the  foliage  turning  yellow. 
Numerous,  brown  or  brownish-gray,  flattened,  motionless  scales  adhere  to  the  under- 
sides of  the  leaves,  or  along  the  stems,  especially  at  the  leaf  axils.  Scales  usually 
of  sufficient  size  to  be  easily  seen,  some  up  to  }/%  inch  in  diameter.  The  scale  covers 
the  body  of  the  insect,  but  is  easily  lifted  from  it.     Armored  scales,  page  700. 

2.  Foliage  plants,  such  as  oleander,  fern,  palm,  Ficus,  and  Vinca  having  much 
the  same  appearance  as  in  A,  1.  Scales  somewhat  larger  and  adhering  more  tightly 
to  the  plants.  Scales  much  more  conspicuous  than  in  A,  1,  usually  very  convex. 
Scale  covering  cannot  be  lifted  off  from  the  body  of  the  insect,  but  forms  a  distinct 
part  of  the  body  wall.     Tortoise  scales,  page  704. 

3.  Plants,  particularly  foliage  plants,  such  as  Coleus,  orchids,  poinsettias,  ivy, 
and  many  others,  with  whitish  clusters  of  soft-bodied  insects,  up  to  }>i  inch  long,  at 
the  axils  of  the  stems  and  leaves  and  along  the  stems.  These  insects  have  many 
whitish,  waxy  filaments  protruding  from  the  body.  These  filaments  are  so  thick 
as  to  give  the  body  a  distinct  bluish-white  appearance.  Insects  seldom  move  unless 
disturbed.      Mealy  bugs,  page  704. 

4.  Plants  infested  in  much  the  same  way  as  in  .1,  3,  by  insects  with  rather  small, 
dark-colored  bodies,  with  rows  of  short  waxy  filaments  radiating  around  the  outer 
margin  of  the  body,  and  forming  a  waxy  tube  extending  back  from  the  body  several 
times  its  length.     Greenhouse  Orthczia,  page  707. 

5.  Greenhouse  plants  having  a  weakened  appearance;  frequently  with  the  leaves 
curled,  the  young  growth  distorted,  and  often  coated  to  some  extent  with  sticky 
boneydew.  Small,  winged  or  wingless  aphids,  or  plant  lice,  of  various  colors,  sucking 
the  sap  from  the  more  tender  parts  of  the  plants,  buds,  and  blossoms.  Greenhouse 
uphills,  page  707. 

6.  Under  surface  of  the  [eaves,  with  small,  oval,  flat,  pale-green,  motionless 
insects,  less  than  '.•{(,  inch  in  length,  .o  1  lu'iinu:  to  them.  Many,  tiny,  Four-winged, 
snow-white  Hies  on  the  underside  of  t  he  leaves.      These  Hie.-  leave  the  plants  in  swarms 
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when  disturbed.     Plants  more  or  less  covered  with  a  coating  of  glazed,  sticky  material 
on  which  a  sooty  black  fungus  is  frequently  growing.    Greenhouse  whitefiy,  page  709. 

7.  Surface  of  the  leaves  whitened  with  many  small  flecks  of  light  green  or  yellow. 

Tips  of  the  leaves  curling  up  and  dying.     Flower  buda  producing  distorted  blossoms 

which  open  only  on  one  side.  Undersides  of  the  leaves  with  numerous  black  -pots 
General  vigor  of  the  plants  greatly  reduced  by  the  feeding  of  many  very  small  yellow 
or  black,  very  slender,  active  insects.     Greenhouse  thrips,  page  710. 

8.  Plants  with  pale  blotches  or  spots  showing  through  the  leaves,  or  with  the  entire 
leaf  having  a  light  color,  often  drying  up  or  turning  a  reddish-brown  about  the  margins. 
Fine  silk  threads  are  spun  on  the  under  sides  of  the  leaves,  or  formed  into  webs  u  hich 
entirely  cover  the  surface  of  the  plant.  Minute,  six-  or  eight-legged,  greenish  or 
yellowish  mites  crawling  about  on  the  webs  or  under  side  of  the  leaves.  Greenha 
red  spider,  page  712. 

9.  Cyclamen  with  the  leaves  much  distorted,  buds  gnarled  and  knotty  in  appear- 
ance, usually  failing  to  open;  flowers  on  infested  plants  when  open  are  streaked  and 
blotched  in  appearance  and  quickly  die.  Infested  foliage  shows  pockets  or  depressions 
in  the  leaf,  or  dark  purplish  areas,  often  covered  with  small  cracks,  on  the  leaf  surface. 
Tiny,  white,  or  pale-brown  mites,  with  three  or  four  pairs  of  legs,  working  in  the 
infested  flowers,  on  the  leaves,  and  about  the  base  of  the  plants.  Cyclamen  mite, 
page  725. 

B.  Insects  that  chew  the  leaves: 

1.  Under  surface  of  the  leaves  eaten  off  by  pale-green,  very  active  caterpillars 
up  to  %  inch  long.  Such  leaves  are  often  covered  with  a  light  web  enclosing,  severs  1 
leaves,  or  drawing  parts  of  a  single  leaf  together.     Greenhouse  leaftyer,  page  714. 

2.  Injury  appearing  much  the  same  as  in  B,  1.  Small  active  greenish  worms 
feeding  at  first  as  leaf  miners,  but  later  eating  off  the  surface  of  the  underside  of  the 
leaves.  Leaves  rolled,  or  drawn  together  with  light  webs.  Oblique-banded  leaf  roller. 
page  716. 

3.  Ferns  with  the  leaves  partly  stripped,  presenting  a  very  ragged  appearance. 
Newly  unfolding  leaves  gnawed  or  eaten  away.  Dark-green,  velvety  caterpillars. 
with  two  wavy  white  lines  down  each  side  of  the  body,  hiding  in  the  soil  about  the 
base  of  the  ferns,  feeding  very  actively  at  night.     Florida  fern  caterpillar,  page  716. 

4.  Many  kinds  of  plants  cut  off  at  the  surface  of  the  ground,  or,  in  some  cases, 
stripped  of  leaves,  by  fat,  sleek  caterpillars  or  worms  of  varying  sizes  and  colors. 
Cutworms,  page  716. 

5.  Leaves  eaten  from  the  new  growth,  or  buds  eaten  into,  or  partly  eaten  out,  by 
greenish,  dark-brown,  or  yellowish  worms  with  slightly  hairy  bodies,  differing  from 
cutworms  in  their  habit  of  feeding  on  the  upper  part  of  the  plants.  Injury  most 
common  during  the  fall  months.     Corn  earworm,  page  716. 

6.  Roses  with  the  leaves  riddled  with  small  holes,  bark  of  the  new  growth  eaten 
off,  and  buds  eaten  out.  Injured  plants  with  most  of  the  feeding  roots  eaten  off  by 
small,  curved-bodied,  whitish  grubs.  Brownish  or  brownish-black,  very  active 
beetles,  about  }i  inch  long,  feeding  on  the  leaves.  Strawberry  rootworm,  page 
717. 

C.  Insects  that  make  galls  or  mine  in  the  leaves: 

1.  Chrysanthemums  with  small  blister-like,  cone-shaped  galls  on  the  upper  surface, 
and  occasionally  on  the  under  surface,  of  the  leaves.  Leaves  curled  and  stems  of 
heavily  infested  plants  crooked  and  distorted.  Flowers  opening  imperfectly  if  at  all. 
Small,  gnat-like  flies,  about  }{4  inch  in  length,  and  of  a  reddish-orange  color, 
crawling  about  over  the  leaves.  Minute  yellowish-white  maggots  in  the  galls  on  the 
leaves  and  stems.     Chrysanthemum  midge,  page  7 IS. 

2.  Flower  buds  and  leaves  of  roses  much  distorted ;  terminal  growth  and  buds  dying 
and  turning  brown.     An  examination  of  such  buds  will  show  many  small,   white 
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to  orange-colored  maggots,  up  to  I  i  ■  inch  long,  reeding  on  the  plant  tissue  within  the 
buds.  Small  silken  cocoons  jusl  under  the  Burface  of  the  soil  about  the  plants. 
Host  midgt ,  page  719. 

;>.  Leaves  of  chrysanthemum  or  marguerite  with  irregular  light-colored  mines 
extending  over  their  surface.  When  badly  infested,  the  leaves  may  dry  up,  bul 
usually  remain  attached  t<>  the  plants.     Heavily  infested  plant  bunted  and 

produce   small,    inferior   Bowers.     Chrysanthemum   leaf   miner   or    Marguerite  fly, 
Phytomyza  chrysanthemi  Kowars,  (see  U.  S.  Dept.  Agr.  Fanners'  Bull.,  1302,  L922). 
/>.  Insects  thai  attack  the  roots  or  bulbs: 

1.  Plants  presenting  a  somewhat  sickly  appearance,  with  no  visible  injury  to  the 
part  above  the  surface  of  the  ground.  Roots  showing  minute  brownish  scars  or 
tunnels  along  their  surface.  Very  small,  somewhat  thread-like,  active  white  maggots, 
not  over  '  [  inch  long,  embedded  in  the  root  tissues,  or  working  in  the  soil  about  the 
roots.     Fungus  gnats,  or  Sciara  maggots,  page  720. 

2.  Narcissus  and  related  bulbs  with  scars  on  the  base  of  the  bulbs,  the  bulbs  soft 
and  frequently  rotting.  An  examination  of  the  bulbs  shows  whitish  or  yellowish- 
white  fat  maggots  inside  the  bulbs,  eating  out  the  plant  tissue.  Maggots,  when  full- 
grown,  are  from   !  _>  to  %  inch  in  length.     Narcissus  bulb  fly,  page  721. 

3.  Bulbs  appearing  as  in  D,  2,  but  containing  smaller  maggots  of  a  grayish-yellow 
color,  with  bodies  markedly  wrinkled.  Many  maggots  often  occurring  within  one 
bulb.     The  maggots  vary  in  size  up  to  %  mcn  in  length.     Lesser  bulb  fly,  page  722. 

4.  Greenhouse  plants  sometimes  cut  off  just  below  the  surface  of  the  ground,  or 
wilting  and  dying,  without  visible  injury  to  the  part  of  the  plant  above  the  ground. 
Examination  of  the  roots  will  show  large  curved-bodied,  brown-headed  white  grubs 
with  six  rather  conspicuous  legs,  feeding  on  the  underground  parts  of  the  plant. 
White  grubs,  page  723. 

5.  Appearance  and  injury  much  the  same  as  in  D,  4,  but  with  underground  parts  of 
the  plant  eaten  off,  or  bored  through,  by  shining,  hard-bodied,  brown,  slender  worms 
up  to  2  inches  in  length.      Wireworms,  page  303. 

6.  Plants  of  various  species  that  are  grown  from  bulbs  turn  a  sickly  yellow,  failing 
to  produce  flowers;  or,  if  producing  flowers,  with  the  flowers  much  distorted.  Leaves 
stunted,  and  plants  generally  of  a  very  unhealthy  appearance.  Examination  of  the 
bulbs  shows  numerous  pale-white,  six-  or  eight-legged  mites,  sheltering  and  feeding 
behind  the  bulb  scales.  Infested  bulbs  with  reddish-brown  spots  on  the  bulb  scales. 
Bulb  mite,  page  723. 

E.    Various  small  creatures,  not  true  insects,  attacking  mostly  the  roots  or  leaves  on  the  soil 
surface: 

1.  Light  gray  or  slate-colored,  fat-bodied,  distinctly  segmented  creatures,  usually 
about  Yi  inch  long,  with  seven  pairs  of  legs,  hiding  under  clods  or  bits  of  plant  refuse 
on  the  surface  of  the  benches,  and  feeding  mainly  at  night  on  the  roots  and  tender 
portions  of  nearly  all  greenhouse  plants.  When  disturbed,  they  usually  roll  them- 
selves into  small  tight  balls.     Sowbugs  or  pillbugs  (not  true  insects),  page  726. 

2.  Hard-shelled,  very  active,  many-legged  creatures,  up  to  2  inches  in  length, 
usually  with  two  pairs  of  legs  on  each  body  segment,  crawling  over  the  surface  of 
greenhouse  benches  or  hiding  under  any  shelter  on  the  surface  of  the  soil.  Bodies 
usually  have  a  brown  or  pinkish-brown  color.  Creatures  scuttle  about  very  actively 
when  disturbed.  Are  most  abundant  in  damp  parts  of  the  bench.  Greenhouse 
millipedes  'not  true  insects),  page  727. 

3.  Roots  and  underground  parts  of  stems  scarred  or  eaten  off  by  small,  nearly 
white,  very  active,  many-legged  creatures  \i  inch  long  or  less.  They  are  very  strongly 
repelled  by  light.  Garden  centipede,  Scutigerella  imtnaculata  (Newport)  (See  Jour. 
Econ.  Entomol.  Vol.  21,  pp.  357  to  300,  1928). 
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I.  Soft,  gra)  or  pray-and-brown-spotted,  slimy,  Boft-bodied  creatures,  from  '  > 
inch  to  as  much  as  l  inches  in  length  crawling  about  on  the  surface  of  the  soil  or  on 

the  plants.  A  sticky,  viscid  secretion  is  given  off  from  the  body,  and  on  drying  forms 
a  shiny  trail  where  t  he  creal  ures  have  craw  led.  Usually  abundant  only  in  the  damper 
parts  of  the  greenhouse,  where  they  will  he  found  under  decaying  wood,  flowerpots, 

and  other  shelters.  They  U-cA  at  night  on  the  plant  tissue  of  many  greenhouse  crops. 
Slugs  or  snails  (not  true  insects),  page  T'-'N. 

5.  Plants  presenting  a  sickly  appearance,  often  somewhat  distorted,  hut  with  no 
visible  injury  to  the  parts  above  ground.  An  examination  of  the  roots  will  show 
numerous  knots  or  galls,  or  the  roots  distinctly  swollen,  enlarged,  and  of  a  gouty 
appearance.  The  cause  of  the  injury  can  not  be  seen,  except  when  the  roots  are 
examined  under  high  magnification,  when  numerous,  very  minute,  nearly  transparent, 
worm-like  creatures  will  be  found  in  the  tissue  of  the  swollen  and  distorted  roots. 
Nematodes  or  eel  worms  (not  true  insects),  page  728. 

Scale  Insects 

Many  greenhouse  plants  are  attacked  by  some  20  to  25  species  of  scale 
insects  which  occur  commonly  in  greenhouses.     It  is  impossible  to  treat, 

in  this  book,  all  of  these  different  species 
separately.  These  species  are  figured  and 
described  by  Dietz  and  Morrison  in  "The 
Coccida)  or  Scale  Insects  of  Indiana,"  a 
bulletin  from  the  office  of  the  State  Entom- 
ologist of  Indiana,  1916. 

The  scale  insects  found  in  greenhouses 
may  be  divided  into  two  large  groups:  (a) 
those  having  a  distinct,  hard,  separable  shell 
or  scale  over  their  delicate  bodies,  known  as 
the  armored  scales  or  Diaspidinai;  and  (b)  those 
in  which  the  hard  shell  is  not  separable  from 
the  body,  the  tortoise  scales  or  Lecaniinw. 
The  tortoise  scales  have  their  bodies 
rounded  and  resemble  somewhat  the  back 
of  a  turtle. 


Fig.  471. — Ivy  or  oleander 
scale,  As])i<liotus  hederoB  (Yallot), 
on  a  bit  of  leaf.  About  nine 
times  natural  size.  (From  III. 
State  Nat.  Hist.  Sur.) 


Armored  Scale  Insects1 

In  the  first  class,  the  armored  scales,  reproduction  takes  place  by 
means  of  eggs,  in  most  cases,  although  in  a  few  of  these  species  the  young 
are  born  alive.  In  cases  where  the  eggs  are  laid,  these  eggs  are  pro- 
tected by  the  scale  of  the  mother  insect  until  they  hatch.  In  whichever 
manner  the  young  are  produced,  they  crawl  from  beneath  the  scale  of 
the  parent  and  move  about  actively  for  a  short  time,  until,  upon  finding 
a  location  on  the  plants  which  seems  favorable  to  them,  they  insert  their 
thread-like  mouth  parts  through  the  epidermis  of  the  leaf  or  bark  and 
begin  feeding  by  sucking  the  sap.     After  feeding  a  short  time,  they 

1  Order  Homoptera,  Family  Coccidae. 
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molt    and  in   this  process  lose  their  Legs  arid  antenna'.      The  east   skin   is 

incorporated  into  the  scale,  which  now  forms  on  the  body  of  the  insect, 

and  which  is  Composed  of  fine  threads  Of  wax  which  have  exuded  from 
the   body   wall   of   the  scale  and   have   run    together.      The   female  scales 

molt  twice  during  their  life,  but  always  remain  under  the  scale  for  their 
entire  lite.  The  males,  after  their  second  molt,  have  a  more  elongated 
body,  and  after  a  third  and  fourth  molt,  assume  the  adult  form.  In  this 
stage,  they  are  very  minute,  two-winged,  yellowish  insects,  with  antennae, 
eyes,  three  pairs  of  legs,  and  a  rather  prominent  long  appendage  project- 
ing from  the  tip  of  the  abdomen.  They  move  about  actively,  seek  out 
the  female  scales  and  mate  with  them,  but  do  not  feed  in  this  stage. 


Fio.  472  — The  Florida  red  scale,   Chrysomphalus  aonidum  Linne.     Scales  of  adults  ;m<l 
nymphs  on  palm  leaf,  about  six  times  natural  size.      {From  Mich.  Agr.  Exp.  Sta.) 

After  the  female  has  mated,  she  continues  to  feed  for  some  time  and  pro- 
duces her  eggs,  or  in  the  case  of  a  few  species  as  above  mentioned,  brings 
forth  living  young.  The  life  history  of  all  of  the  armored  scales  is 
essentially  the  same. 

A  few  of  these  scales,  which  are  most  common  in  greenhouses  in  the 
United  States  are: 

Ivy  or  oleander  Bcale,  Aspidiotus  hederce  (Vallot)  (Fig.  171) 

Latania  scale,  Aspidiotus  latanicB  Signoret 

Greedy  scale,  Aspidiotus  rapax  Comstock 

Florid:i  red  scale,  Chrysomphalus  aonidum  Limn'  (Fig.  172 

Red  or  orange  scale.  Chrysomphalus  aurantii  Maskell  (see  Fig.  441) 

Palm  scale,  Chrysomphalus  didyospermi  (Morgan 

Boisduval's  scale,  Diaspis  boisduvalii  Signoret 

(';ictn>  scale,  Diaspis  echinocacti  (Bouchd 

Rose  scale,  Aulacaspis  rosa  (Bouch6) 

Cyanophyllum  scale,  Aspidiotus  cyanophyUi  Signoret 
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Fig.  473. —  The  fern  scale,  H  emichionaspis  aspidistra  Signoret.  Female  on  a  bit  of  leaf, 
about  twenty  times  natural  size,  on  the  left.  Male  on  a  bit  of  leaf,  about  sixty  times 
natural  size,  on  the  right.      (From  III.  State  Nat.  Hist.  Sur.) 


Fig.  474. — The  thread  scale,  Ischnaspis  longirostris  Signoret,  on  a  bit  of  palm  leaf.      About 
fifteen  times  natural  size.      (From  Mich.  Agr.  Exp.  Sta.) 
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Mining  scale,  Howardia  biclavis  Comstock 

Camellia  scale,  Fiorinia  fiorinuB  Targioni 

Fern  scale,  Hstnichionaspis  aspidistras  Signorel  (Fig.  \7'.i) 

Thread  scale,  Ischnaspis  longirostris  Signoret  (Fig.  174) 

Chaff  scale,  Parlatoria  pergandei  Comstock 

This  class  of  scales  attacks  a  wide  variety  of  plants,  including  palms, 
Virus,  lantana,  citrus  plants,  oleander,  ivy,  hibiscus,  rose,  and  several 
other  greenhouse  plants. 

Control  Measures. — On  plants  such  as  palms,  or  any  rather  hardy 
plant,  these  scale  insects  may  be  easily  controlled  by  spraying  with  a  1 
per  cent  lubricating-oil  emulsion.     Soft  water  should  be  used  if  possible 


Fig.  475. — The  soft  brown  scale, 

Coccus  hesperidum  Linne.      Several 

scales   on   a  bit  of  leaf,    about  -&B£ 

(j^times  natural  size.     {From  Canadian 

Dept.  Agr.) 


Fig.  476. — The  hemispherical  scale,  Sais- 
setia  hemisphcerica  (Targioni),  on  fern  leaf. 
About  natural  size.  {From  III.  State  Nat. 
Hist.  Sur.) 


in  preparing  this  emulsion.  For  making  the  emulsion,  see  page  250. 
Spraying  or  washing  infested  plants  with  a  solution  of  1  pound  of  potash 
fish-oil  soap  in  3  gallons  of  water  is  effective  in  cleaning  up  these  scales, 
if  the  treatment  is  persisted  in  until  several  applications  have  been  made. 
With  this  solution,  it  is  better  to  wash  the  infested  plants  with  clear 
water  about  2  hours  after  the  treatment,  in  order  to  avoid  any  possible 
burning.  Fumigation  with  hydrocyanic  acid  gas,  or  with  calcium 
cyanide  (see  pp.  255,  257),  used  at  the  strengths  recommended  in  the 
table  on  page  253  is  effective  in  cleaning  up  infestations  by  this  class  of 
scale. 
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Tortoise  Scale  [nse< 

This  group  of  scales  has  a  life  history  Bomewhal  Bimilar  to  that  of  the 
armored  scales.     The  protective  shell  is,  however,  not  formed  of  wax  and 

the  east  skins,  but  of  the  chitinous  body  wall,  very  little  wax  being 
secreted.  The  body  is  generally  smooth  in  outline,  and  brown,  black,  or 
mottled  in  color.  The  young  female  scales  may  move  about  for  a  time 
after  they  have  begun  to  feed.  They  retain  their  legs  and  antennae  through 
adult  life  (Fig.  402,  a).  They  reproduce  by  means  of  eggs  and  living 
young.  The  males  in  this  class  of  scales,  also,  are  winged  and  similar  to 
those  described  above.     Among  the  more  common  scales  of  this  class  are: 

Soft  brown  scale,  Coccus  hesperidum  Linne  (Fig.  475) 
Tessellated  scale,  Eucalymnatus  tessellatus  Signoret 
Hemispherical  scale,  Saissetia  hemisphwrica  (Targioni)  (Fig.  476) 
Black  scale,  Saissctia  olctr  (Bernard)  (see  Fig.  442) 
Long  scale,  Coccus  clo/ujatus  (Signoret)  (Fig.  477) 


Fig.  477. — The  long  scale,  Coccus  elongatus  (Signoret),  adults  on  stem  about  twice  natural 

size.      (From  Mich.  Ayr.  Exp.  Sta.) 

The  injury  by  these  scales  is  very  similar  to  that  by  the  armored 
scales.  The  plants  attacked  include  oleander,  bay,  vinca,  croton, 
cyclamen,  fern,  palm,  Ficus,  abutilon,  and  several  other  plants. 

Control  Measures. — Soft  scales  can  be  controlled  by  the  same  meas- 
ures as  those  given  for  the  control  of  the  armored  scales. 

Mealy  Bugs1 

Mealy  bugs  are  closely  related  to  the  scale  insects;  in  fact  they  belong 
to  the  same  family.  There  are  several  species  which  occur  commonly  in 
greenhouses  and  on  flowering  plants  in  houses.  They  are  all  very  much 
alike  in  their  life  history,  and  differ  but  slightly  in  appearance.     Mealy 

1  Order  Homoptera,  Family  Coccidae. 
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bugs  may  bo  placed  in  two  groups,  (Fig.  478),  the  citrus  or  short-tailed 
mealy  bugs,1  and  the  long-tailed  mealy  bug.1  The  Long  tailed  mealy 
bug  gets  its  name  from  the  long,  thread-like,  waxy  processes  which  pro- 
trude like  a  tail. 

The  Bhort-tailed  mealy  bugs  reproduce  by  means  of  eggs,  and  the 
Long-tailed  mealy  bug  reproduces  by  giving  birth  to  living  young.  In 
general,  the  Life  history  is  as  follows.  The  adult  mealy  bugs  deposit 
their  eggs  in  a  compact,  cottony,  waxy  sack,  beneath  the  rear  end  of  the 


Fig.  478. —  Mealy  bugs.  Upper  row,  the  citrus  mealy  bugs;  lower  row,  the  long- 
tailed  mealy  bug.  All  about  ten  times  natural  size.  (From  Canadian  Dept.  Ayr.  Bull. 
7,  n.  s.) 

body,  to  the  number  of  400  to  600.  Egg  laying  continues  for  1  or  2 
weeks,  and  as  soon  as  it  is  completed  the  female  insect  dies.  These  sacks 
containing  eggs  will  be  found  chiefly  at  the  axils  of  branching  stems  or 
leaves,  but  occasionally  on  other  parts  of  the  plant.  Under  greenhouse 
conditions,  the  eggs  hatch  in  about  10  days.  The  young  mealy  bugs 
remain  in  the  egg  case  for  a  short  time  and  then  crawl  over  the  plants. 
They  are  flattened,  oval,  light-yellow,  six-legged  bugs,  with  smooth 
bodies.     They  feed  by  inserting  their  slender  mouth  parts  into  the  plant 

1  Pseudococcus  citri  Risso,  Pseudococcus  maritimus  (Ehrhorn)  and  others,  Order 
Homoptera,  Family  Coccidse. 

-  Pseudococau  longispinus  (Targioni),  Order  Homoptera,  Family  Coccida3. 
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tissues  and  Bucking  the  sap.  Shortly  after  they  begin  feeding,  a  white 
waxy  materia]  begins  exuding  from  their  bodies,  and  forme  a  covering 

over  the  insect.  They  do  not  remain  fixed,  but  move  about  to  some 
extent  over  the  plant,  although  they  are  always  very  sluggish.  The 
female  nymphs  change  but  little  in  their  appearance  except  to  Increase  in 

size,  being  about  '  (;  to  Ji  inch  long  when  full-grown.  The  males  when 
nearly  grown,  form  a  white  case  about  themselves,  and  inside  of  this 
transform  into  tiny,  active,  two-winged,  fly-like  insects.  On  emerging 
from  the  case,  the  males  fly  about  actively  and  mate  with  the  females, 
but  very  soon  die.  The  male  is  incapable  of  feeding  in  the  adult  stage. 
It  takes  about  1  month  for  the  completion  of  a  generation  under  green- 
house conditions. 

Many  kinds  of  greenhouse  plants  are  attacked  by  mealy  bugs.  They 
are  especially  troublesome  on  the  soft-stemmed  foliage  plants,  such  as 
coleus,  fuchsia  croton,  fern,  gardenia,  and  begonia.  Among  the  many 
other  plants  attacked  are  citrus,  heliotrope,  geranium,  oleander,  orchids, 
poinsettias,  umbrella  plant,  ivy,  Dracaena,  and  chrysanthemums. 

Control  Measures. — The  best  and  most  effective  method  of  controlling 
mealy  bugs  is  to  syringe  the  plants  with  water  applied  with  as  much  force 
as  the  plants  will  bear  without  injury  to  the  leaves.  The  plants  that 
will  not  withstand  the  application  of  a  strong  stream  of  water,  may  be 
cleaned  by  spraying  with  a  nicotine-oleate  solution,  using  the  stock 
solution  made  according  to  the  following  directions: 

Nicotine  (40  per  cent  nicotine  in  the  free  form)  2r2  parts 

Oleic  acid  (red  oil) 1%  parts 

Water  (rain,  or  soft,) 434  parts 

When  the  oleic  acid  is  added  to  the  nicotine,  a  soft,  soap-like  mixture 
forms.  To  this  the  water  is  added.  For  tender  plants,  as  coleus  and 
begonia,  1  fluid  ounce  of  the  stock  solution  is  diluted  with  2  gallons  of 
water.  Hardier  plants  will  withstand  1  fluid  ounce  in  each  gallon  of 
water.  A  good  syringing  of  the  plants  with  water  the  following  morning 
will  prevent  any  possible  burning. 

Fumigating  with  hydrocyanic  acid  gas  will  sometimes  kill  the  young 
mealy  bugs,  but  has  very  little  effect  on  the  old  ones  or  eggs.  If  this 
method  is  resorted  to,  the  fumigation  should  be  given  at  5-  to  7-day 
intervals  for  a  period  of  at  least  1  month.  Tender  plants,  such  as  those 
usually  most  heavily  infested  by  mealy  bugs,  will  not  withstand  heavy 
fumigation  of  cyanide,  y±  ounce  to  1,000  cubic  feet  of  space  being  about 
the  maximum  for  such  plants  in  most  houses.  Spraying  or  dipping  the 
infested  plants  with  a  solution  of  1  pound  of  fish-oil  soap  in  3  gallons  of 
water,  will  kill  the  young  mealy  bugs.  Where  such  treatment  is  given, 
the  plants  should  be  washed  about  2  hours  after  treatment,  in  order  to 
prevent  burning  by  the  soap. 
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This   insect,   also,   is  a   close  relative  of  the  scales  and   mealy  bugs. 

The  small,  dark-green,  wingless  bodies  of  the  aymphs  are  about  the  size 

of  pinheads,  and  have  rows  of  minute  waxy  plates  extending  back  over 
their  bodies.  In  the  case  of  the  female  insect  (Fig.  479),  a  white,  waxy, 
tinted  egg  sack  is  attached  to  the  body,  and  extends  backward  for  a 
distance  of  two  or  more  times  the  diameter  of  the  body,  the  total  length 
being  about  ^6  inch.  These  insects  resemble  the  mealy  bugs  quite 
closely  in  their  habits,  and  can  be  controlled  by  the  same  methods. 


Fig.  479. — Greenhouse  orthezia,  Orthczia  insignis  Douglas,  nymph  and  adult  females; 
the  one  on  the  right  has  the  egg  sack  broken  open  to  show  the  eggs  and  newly  hatched 
aymphs.     About  fifteen  times  natural  size.      (From  Mich.  Agr.  Exp.  Sta.) 

Aphids  or  Plant  Lice2 

Aphids  have  already  been  described  as  pests  of  many  of  the  outdoor 
crops  (see  pp.  314,  442,  503).  Everyone  who  has  grown  plants  for  a 
year  or  more  in  the  greenhouse  is  well  aware  that  these  little  soft-bodied 
insects  are  also  pests  of  greenhouse  crops.  A  number  of  different  species 
of  aphids  occur  in  greenhouses,  and  one  or  more  of  them  attacks  almost 
every  species  of  plant  that  is  grown  under  glass.  The  aphids  differ  some- 
what in  size,  appearance,  and  the  color  of  their  bodies.  Some  are  green, 
others  brown,  reddish,  or  black  in  color.  Their  life  histories  under 
greenhouse  conditions,  are  very  similar,  except  for  some  variation  in 
the  length  of  time  which  it  takes  the  different  species  to  develop.  So  far 
as  known,  all  species  continue  to  go  on,  generation  after  generation,  the 
year  around,  producing  only  the  female  forms;  and  these  females  on 
becoming  full-grown,  give  birth  to  living  young  without  being  mated. 
Under  greenhouse  conditions,  the  true  sexes  do  not  appear,  nor  do  the 
insects  reproduce  by  means  of  eggs.  They  feed  by  sucking  the  sap  from 
the  tender  plants,  often  causing  the  plants  to  become  deformed,  the 
leaves  curled  and  shriveled;  and,  in  some  cases,  galls  are  formed  on  the 
leaves.      The    insects    are    further    injurious    because    of    the    fact     that 

1  Orthezia  insignis  Douglas,  Order  Homoptera,  Family  Coccids. 
-Order  Homoptera,  Family  Aphididse. 
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some  species  eject  a  sweetish  In nu->  i le w  which  is  attractive  to  ants,  and 
on  which  certain  Booty-appearing  fungi  grow.  This  may  render  tin- 
plants  so  unsightly  as  to  hinder  their  sale  for  any  purpose.  Aphids  are 
also  the  carriers  of  certain  diseases  of  greenhouse  plants.  Some  of  the 
more  common  species  occurring;  in  the  greenhouse  are: 


Fig.  480. — Rose  aphids,  Macrosiphum  rosce  Linne,  clustered  on  rosebuds.  Several 
times  natural  size.  Note  the  predaceous  Syrphid-fly  larva  eating  an  aphid  on  the  lower 
part  of  the  left-hand  stem.      (From  U.  S.  D.  A.  Farmers'  Bull.  1302.) 

Small  green  chrysanthemum  aphid,  Myzus  rosarum  Kaltenbach 
Black  chrysanthemum  aphid,  M  acrosiphoniella  sanbomi  (Gillette) 
Pea  aphid,  Illinoia  pisi  (Kaltenbach)  (see  Figs.  298  and  299) 
Rose  aphid,  Macrosiphum  rosce  Linn6  (Fig.  480) 
Corn  root  aphid,  Anuraphis  maidi-radicis  (Forbes)  (see  Fig.  203) 

Control  Measures. — Aphids  may  be  readily  controlled  under  green- 
house conditions  by  fumigation,  spraying,  or  dusting.  During  the  last 
2  years,  it  has  been  found  possible  to  control  most  greenhouse  aphids  by 
light  applications  of  calcium-cyanide  dust,  greenhouse  grade,  applied  to 
the  walks  of  the  greenhouses  in  the  evening  (see  page  257).  In  most 
cases,  applications  are  made  at  the  rate  of  Ji  ounce  of  calcium  cyanide 
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dust  to  each  1,000  cubic  feci  of  space  in  I  he  greenhouse.  Such  applica- 
tions will  cause  burning  <>n  a  very  few  of  the  more  tender  plants;  but 

under  most  conditions  the  dosage  can  he  increased  to   \  >>  ounce  per  1,000 

cubic  feet.  The  calcium  cyanide  dust  is  applied  over  the  walks  with  a 
blower  or  dust  gun,  or  merely  sprinkled  out  from  a  pail.    The  house 

should  he  closed  and  not  entered  for  two  or  three  hours  after  1  he  dust    is 

applied.  The  hydrocyanic  acid  gas  is  given  off  from  the  calcium  cyanide 
by  coni  act  wit  h  t  he  moisture  of  i  he  air.  If  the  application  is  made  after 
sundown,  the  gas  will  have  practically  all  disappeared  from  the  house;  by 
morning,  and  it  will  be  safe  to  go  into  the  houses  which  have  been  treated 
with  the  above  dosages. 

Aphids  may  be  killed  on  plants  by  thorough  spraying,  using  a  mixture 
of  !  |  pint  of  nicotine  sulphate  to  25  gallons  of  water,  with  1  pound  of 
potash  fish-oil  soap  dissolved  in  the  water.  In  order  to  control  aphids 
wit  h  this  spray,  it  is  necessary  to  hit  their  bodies,  and  a  thorough  applica- 
tion must  consequently  be  made.  A  2  per  cent  nicotine  dust,  prepared 
according  to  the  directions  given  on  page  241  is  very  effective  against 
most  greenhouse  aphids,  and  can  often  be  applied  to  better  advantage 
than  a  spray.  Fumigation  with  tobacco  extracts  is  effective  in  control- 
ling greenhouse  aphids.  In  fumigating  with  commercial  tobacco  extracts 
follow  the  directions  given  by  the  manufacturers. 

Greenhouse  Whitefly1 

Importance  and  Type  of  Injury. — Plants  covered,  especially  on  the 
under  sides,  with  small,  snow-white,  four-winged  flies,  and  very  small, 
oval,  flat,  pale-green  nymphs,  less  than  J^o  mcn  m  length,  which  suck 
the  sap  (Fig.  481).  Infested  plants  are  lacking  in  vigor,  wilt,  turn  yellow 
and  die.  The  leaves  are  covered  with  a  coating  of  glazed,  sticky  material 
on  which  a  sooty-colored  fungus  often  grows,  completely  covering  the 
foliage. 

Plants  Attacked. — Cucumber,  tomato,  lettuce,  geranium,  fuchsia, 
ageratum,  hibiscus,  coleus,  begonia,  solanium,  and  many  other  plants. 

Life  History,  Appearance,  and  Habits. — The  female  whiteflies  deposit 
their  minute  yellowish  eggs  on  the  under  side  of  the  leaves,  attaching 
them  by  a  short  slender  stem.  On  hatching,  the  nymphs  are  flat  and 
nearly  transparent.  They  settle  upon  the  leaf,  near  the  point  where  they 
hatch,  and  remain  in  this  situation  until  they  become  adults.  They 
suck  the  sap  from  the  leaves,  feeding  greedily  on  the  plant  juices  for 
about  4  weeks.  In  the  course  of  this  time,  they  pass  through  four 
stages.  All  of  the  nymphs  have  fine,  long  and  short,  white,  waxy 
threads  radiating  from  their  greenish  bodies.  The  average  duration 
of  the  nymphal  period  is  about  28  to  30  days.     The  adult    whitefly  is 

1  Trial  tirades  vaporariom  m  West  wood,  and  others,  Order  Homoptera,  Family 
Aleyrodidse. 
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about  '  25  inch  in  length,  vei\  active,  four-winged,  with  a  yellowish 
body,  and  has  the  appearance  of  having  been  thoroughly  dusted  with 
Borne  very  fine  white  material  (see  Fig.  115).  Both  males  and  females 
fly,  and  feed,  like  the  nymphs,  on  the  under  side  of  the  leaves,  living  from 
30  to  40  days.  Under  greenhouse  conditions,  the  generations  overlap, 
and  all  stages  of  the  insect  may  be  found  on  infested  plants  at  any  time. 
( 'ontrol  Measures. — Fumigation  with  hydrocyanic  acid  gas,  or  with 
calcium  cyanide,  is  the  best  method  of  controlling  the  whitefly  (p.  254). 
The  dosage  used  will  depend  on  the  plants  infested  and  on  the  tightness 

of  the  greenhouse.  One-eighth  to 
one-fourth  ounce  of  sodium  cyanide 
per  thousand  cubic  feet,  or  the 
equivalent  in  calcium  cyanide,  should 
be  used.  Three  or  four  fumigations 
will  usually  be  necessary  before  the 
greenhouse  is  cleaned  of  these  pests, 
because  some  of  the  nymphs  and  eggs 
will  be  likely  to  escape  the  first  several 
fumigations. 

If  fumigation  cannot  be  practiced, 
persistent  spraying  with  nicotine 
oleate,  using  the  stock  solution  describ- 
ed for  the  control  of  mealy  bugs  (p. 
706)  at  the  rate  of  1  ounce  to  4  gallons 
of  water,  will  be  very  effective.  Such 
a  spray  will  have  to  be  applied  four  or 
five  times  before  the  plants  are  cleaned 
up,  and  it  is  advisable,  on  plants  with 
tender  foliage,  to  wash  the  plants  with 
clear  warm  water  1  or  2  hours  after 


Fig.  481. — Greenhouse  whitefly, 
Trialeurodes  vaporariorum  Westwood, 
adults  and  nymphs  on  under  side  of  Leaf. 
Four  times  natural  size.  (From  Canadian 
Dcpt.  Ayr.  Bull.  7,  n.  s.) 


spraying. 
Reference. — Twenty-seventh  Rept.  III.  State  Entomol.  p.  130,  1912. 

Greenhouse  Thrips1 

Importance  and  Type  of  Injury. — Thrips  occur  very  generally  in 
greenhouses,  and  several  species  of  the  insect  are  found  feeding  on 
various  plants.  The  surface  of  the  leaves  becomes  whitened  and  some- 
what flecked  in  appearance.  The  tips  of  the  leaves  wither,  curl  up,  and 
die.  Buds  fail  to  open  normally  (Fig.  482).  The  under  side  of  the 
leaves  will  be  found  spotted  with  small  black  specks.  Where  such  spots 
are  numerous,  the  appearance  of  the  foliage  becomes  marred,  and  in 
many  cases  plants  are  rendered  so  unsightly  that  they  cannot  be  used  for 
decorative  purposes. 

1  Heliothrips  hwmorrhoidaiis  Bouche,  Order  Thysanoptera,  Family  Thripidae. 
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Plants  Attacked—  Practically  ;ill  plants  found   in  greenhouses  are 

attacked  by  bhlipS.  Some  of  (hose  which  Buffer  mofit  severely  are  roses, 
carnations,  cucumbers,  fuchsias,  chrysanthemums,  and  cinerarias. 

Life  Ilistori/,  Apperance,  and  Habits. — There  are  slight,  variations  in 

the  life  history  of  the  species  found  in  greenhouses.    A  typical  life  history 

is  about  as  follows:  The  female  Insect  deposits  her  eggs  in  slits  in  t  he  leaf, 

inserting  the  minute  white  eggs  in  the  leaf  tissues.  These  eggs  hatch  in 
from  5  to  7  days,  into  active,  very  pale,  white  nymphs.  The  nymphs 
feed  Oil  the  tissues  of  the  leaf,  rasping  the  leaf  tissue  with  their  mouth 
stylets  and  sucking  up  the  sap  which  flows  from  the  injured  area.  They 
pasa  through  four  stages  in  the  course  of  their  growth,  and  in  the  last 
stage  are  inactive'  for  a  few  days  before  changing  to  the  adult.     The 


Fig.  4X2. — The  greenhouse  thrips,  Heliothrips  hcemorrhoidalis  Bouche.  Damaged 
rosebuds  and  adult  thrips;  the  latter  about  four  times  natural  size.  (From  Canadian 
J)<  i>t.  Agr.  Bull.  7  n.  s.)  ~V7 

adults  of  different  species  vary  in  color,  some  being  yellowish,  others 
nearly  black,  and  others  dark  brown.  They  are  less  than  Jio  incn  l°ng> 
slender-bodied,  and  are  possessed  of  three  pairs  of  legs,  and  four,  very 
slender  wings  wTith  a  fringe  of  long  hairs  around  their  margins  (Fig.  482). 
Under  greenhouse  conditions,  generations  follow  each  other  throughout 
the  year,  the  total  time  required  for  each  generation  being  from  20  to  35 
days,  depending  on  the  climatic  conditions  and  the  species  of  thrips. 

Control  Measures. — Several  fumigations,  at  weekly  intervals,  with 
nicotine  as  recommended  on  page  259,  are  quite  effective  in  the  control 
of  thrips.  Fumigation  with  hydrocyanic  acid  gas  also  is  effective. 
Spraying  with  a  sweetened  arsenical  spray,  consisting  of  2  tablespoonfuls 
of  Paris  green,  2  pounds  of  brown  sugar,  and  3  gallons  of  water,  is  effective 
if  applied  to  both  the  upper  and  the  under  surfaces  of  the  leaves.  This 
spray  cannot  be  applied  to  most  plants  used  for  foliage  decorations,  but 
is  useful  in  some  places  in  the  greenhouse  where  fumigation  cannot  be 
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practiced.     Spraying  with  certain  derris  preparations  is  effective  againsi 

these  insects. 

Other  Sucking   Bi  qs 

The  tarnished  plant  bug  (p.  445),  the  four-lined  plant  bug  (p.  635), 

and  the  garden  hYahopper  (p.  445)  sometimes  attack  greenhouse  plant-. 

(Iheenhouse  Red  Spider' 

Importance  and  Type  of  Injury. — Leaves  of  plants  infested  by  red 
spiders  present  a  peculiar  appearance.  Those  lightly  infested  have  pale 
blotches  or  spots  showing  through  the  leaf.  In  heavy  infestations,  the 
entire  leaf  appears  light  in  color,  dries  up,  often  turning  reddish-brown 
in  blotches  or  around  the  edge  (Fig.  483).  Plants  generally  lose  their 
vigor  and  die.  The  under  surface  of  lightly  infested  leaves  will  show 
silken  threads  spun  across  them.  In  heavy  infestations,  these  threads 
may  form  a  web  over  the  entire  plant.  The  under  side  of  leaves,  on 
close  examination,  will  be  found  covered  with  minute,  eight-legged  mites, 
showing  as  tiny,  greenish,  yellowish,  or  blackish,  moving  dots  on  the 
leaves. 

Plants  Attacked. — There  are  very  few  plants  grown  in  greenhouses 
which  are  not  subject  to  injury  by  red  spiders.  Some  of  the  smooth, 
hard-leaved  plants,  such  as  certain  palms,  are  only  moderately  injured. 
Some  of  the  worst  injured  are:  cucumbers,  tomatoes,  carnations,  chrysan- 
themums, melons,  sweet  peas,  snapdragons,  violets,  and  roses. 

Life  History,  Appearance  and  Habits. — The  adult  female  red  spider  is 
an  eight-legged,  pale-yellow  or  greenish  mite  about  }^o  inch  in  length 
(Fig.  483).  The  male  is  slightly  smaller,  being  only  about  J6o  mcn  long- 
Two  dark  spots  composed  of  the  food  contents  show  through  the  trans- 
parent body  wall.  The  body  is  oval  in  outline,  and  sparsely  covered 
with  spines.  The  mite  feeds  through  sucking  mouth  parts  with  which  it 
pierces  the  epidermis  of  the  leaf.  After  mating,  the  female  red  spiders 
begin  laying  eggs  at  the  rate  of  from  2  to  6  a  day,  each  depositing  a  total 
of  70  or  more  eggs  during  her  lifetime.  These  eggs  are  spherical,  shiny, 
very  minute;  and  are  attached  to  the  underside  of  the  leaves,  usually  to 
the  web  which  the  mite  spins  wherever  it  goes  over  the  plant.  The  eggs 
hatch  in  from  4  to  5  days  into  small,  crawling  young,  which  closely 
resemble  the  adults  except  that  they  have  only  three  pairs  of  legs.  The 
female  mites  molt  three  times  in  the  course  of  their  growth,  the  males 
molting  only  twice.  A  complete  generation  is  produced  every  35  to  40 
days,  but  these  generations  overlap,  so  that  all  stages  of  the  mites  may 
be  found  in  the  greenhouse  at  any  time. 

Control  Measures. — Red  spiders  cause  the  most  damage  in  greenhouses 
where  plants  are  grown  that  require  a  high  temperature  and  rather  dry 

1  Tetranychus  tetanus  Linne,  Order  Acarina,  Family  Tetranychidae. 
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atmosphere.    Frequenl  Byringing  or  Bpraying  of  plants  with  a  stream 
of  clear  water,  applied  with  sufficient  force  fco  bear  up  the  webs  of  fche 

spiders  and   knock   them   from   the   plants,   is  one  of  the   most    effective 
methods  of  control.      This  treatment  cannot  he  applied  to  many  specie- 

of  plants,  which  are  injured  by  frequent  watering  or  develop  certain 

diseases  if  grown  under  moist  conditions.      If  houses  can  be  completely 
cleared  of  growing  plants,   red  spiders  may  be  cleaned  out  by  heavy 


Fig.  483. — Greenhouse  red  spider,  Tctranychus  telarius  Linne.  Injury  to  foliage  of 
sweet  pea,  about  natural  size.  Adult  mite  below,  about  twelve  times  natural  size.  {Front 
Canadian  Dcpt.  Agr.  Bull.  7,  n.  s.) 


fumigations  with  sulfur,  burning  the  sulfur  at  the  rate  of  J^  pound  to 
each  1,000  cubic  feet  of  space.  Such  fumigations  cannot  be  given  to 
living  plants.  On  carnations,  the  mites  may  be  kept  down  by  spraying 
the  carnations  with  a  very  weak  solution  of  dry  lime-sulfur  3  pounds  to 
50  gallons  of  water.  A  proprietary  spray  which  is  very  effective  in  killing 
the  mites  is  known  as  " lemon  oil."  This  should  not  be  confused  with  oil 
of  lemon,  which  is  an  entirely  different  material.  Frequent  dusting  of 
the  beds  and  leaves  of  plants  with  superfine  sulfur  is  also  of  value  in  red- 
spider  control.  As  the  mites  survive  the  winters  outdoors  and  frequently 
become  very  abundant  outside  of  the  greenhouse,  it  is  highly  advisable 
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to  keep  dowD  all  rank  growth  of  weeds  and  grasses  within  the  immediate 
vicinity,  as  tin-  spiders  often  breed  outside,  and  later  gain  access  to  the 
greenhouses. 

References.  -U.  S.   Dept.   Agr.  Farmers'   Bull.    1306,    1923;  Fifteenth  Revt.  State 
Entomol  S.  Dak.,  1925. 

Greenhouse  Leaf  Tybk1 

Importance  and  Type  of  Injury. — The  under  surfaces  of  the  leaves  are 

eaten  by  slender,  pale-green,  active  caterpillars  (Fig.  485).     The  leaves 

are    sometimes    covered    with    a  light   web,  enclosing 

several  leaves  or  drawing  the  parts  of  a  single  leaf 

together. 

Plants     Attacked. — Chrysanthemum,      snapdragon, 

cineraria,  aster,  sweet  pea,  ageratum,  and  many  other 

greenhouse  plants,  as  well  as  many  out-of-door  weeds 

and  cultivated  crops. 

Fig.  484. — Adult  Life  History,  Appearance,  and  Habits. — The  adult 

of  the  greenhouse    motns  (Fig.  484)  are  of  a  brownish  color,  with  the  front 

leaf  tyer,  Pruyctcenia  v     °  ' 

ferrugalis  Hubner,    wings  crossed  by  dark  wavy  lines.     The  wings  expand 

in  resting  posture  ^Q  a\yOUi  y  mcn  They  remain  quiet  about  the  green- 
about  twice  natural  *  ^  '  i  m 

size.  {From  Can-  house  most  of  the  day,  flying  actively  at  night.  When 
('(/'7'„  Di pt\  Agr'  disturbed  during  the  day,  they  fly  with  a  jerky  motion, 
seeking  shelter  on  the  underside  of  the  leaves  or  other 
objects  after  a  very  short  flight.  The  female  moths  lay  their  eggs  singly 
or  in  overlapping  masses,  on  the  undersides  of  the  leaves.  These  eggs 
hatch  in  about  2  weeks  into  small,  slender  caterpillars  which  soon  take 
on  a  pale  green  color.  When  full-grown,  the  caterpillars  are  slightly 
less  than  %  inch  long,  of  a  pale-yellow  color,  with  a  broad  white  stripe 
running  lengthwise  over  the  back  and  a  dark-green  band  in  the  center 
of  this  white  stripe.  When  ready  to  pupate,  the  caterpillars  usually 
form  a  shelter  by  rolling  over  the  edge  of  the  leaf  and  fastening  it  together 
with  threads  of  silk.  Inside  this  shelter,  they  spin  thin  silken  cocoons, 
and  then  change  to  the  pupal  stage.  After  10  or  12  days,  the  adult 
moths  emerge  from  these  cocoons.  The  length  of  the  entire  life  cycle  is 
about  40  days. 

Control  Measures. — Good  greenhouse  sanitation  is  one  of  the  most 
effective  ways  of  preventing  attacks  of  the  greenhouse  leaf  tyer.  Fumiga- 
tion with  calcium  cyanide,  as  recommended  for  the  control  of  greenhouse 
aphids,  is  quite  effective  in  killing  the  adult  leaf  tyers.  Such  fumigations, 
however,  kill  only  the  adult  stage  of  the  insect.  If  the  plants  grown  in 
the  greenhouse  are  sufficiently  hardy  to  withstand  a  fumigation  with 
this  material  about  once  a  week  until  four  or  five  fumigations  have  been 
applied,  practically  all  of  the  leaf  tyers  can  be  cleaned  out  of  the  houses. 

1  Phlyctaenia  ferrugalis  Hubner,  Order  Lepidoptera,  Family  Pyralididae. 
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Dusting  Infested  plants  with  a  mixture  of  1  pari  arsenate  of  lead  i<>  I 
parts  of  dusting  sulfur,  is  very  effective  In  killing  the  young  larvae,  if 
thoroughly  applied  to  the  plants  with  a  good  dust  gun.     This  dust  will 


Ik;.  485. — Destructive  work  of  the  greenhouse  leaf  tyer.     Leaf  of  marigold  at   left. 
showinu   caterpillars   at   work;   ageratum   plant   at   right,    destroyed   by   the   caterpillars. 
>n  Canadian  Dept.  Ayr.  Bull.  7,  n.  s.) 

burn  some  of  the  more  tender  greenhouse  plants,  so  that  care  must  be 
taken  in  its  application.  Fumigation  with  nicotine,  applied  as  strong 
as  the  plants  will  bear  and  repeated  at  weekly  intervals,  is  also  fairly 
effective  as  a  means  of  control. 

Reference. — Jour.  Agr.  Research,  Vol.  20,  No.  3,  1924. 
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( Ibliqi  i.  n  \  .i-i.i.  Leaf  Roller1 

Important*  and  Type  <>f  Injun/.     This  leaf  roller  ia  common  in  greenhouse!      The 

type  of  injury  is  much  tin*  same  as  that  of  the  greenhouse  leaftyer.  The  pale  young 
larva1,  after  hatching  from  the  eggs,  live  for  -i  time  as  leaf  miners,  ami  then  feed  for 
t he  remainder  of  their  life  on  tin-  undersidea  of  t he  leaves.  The  adult  mot h  is  a  In '!»• 
over  1  inch  across  the  wings,  of  ;i  reddish-brown  color,  with  the  fronl  wings  cro 
by  three  distinct  hands  of  dark  brown.  The  control  measures  are  the  same  as  for  the 
greenhouse  leaf  I  \  er. 

Florida  Fern  Caterpillar1 

Important*  and  Type  of  Injury. — Ferns  attacked  by  this  insect  have  the  leaflets 
stripped  from  the  old  growth,  and  the  new  growth  entirely  eaten  away.  Large  ferns 
may  he  completely  stripped  of  leaves  in  1  or  2  days.  Ferns  are  disfigured  to  such  an 
extent  that  they  are  useless  for  decorative  purposes  and  cannot  be  sold. 

Life  History,  Appearance,  and  Habits. — The  adult  moth  is  of  a  general  brown  color 
with  a  rather  dark  V-shaped  patch  near  the  center  of  the  wings.  The  front  wings,  as  a 
whole,  are  variegated.  The  wings  expand  about  1  inch.  The  eggs  are  laid  on  the 
undersides  of  the  leaves,  and  hatch  in  from  5  to  7  days  into  uniformly  pale-green  larva-. 
These  larvae  later  change  to  a  slightly  darker  green  or  to  velvety  black.  There  are  two 
wavy  white  lines  down  each  side  of  the  body,  and  a  central  stripe  of  somewhat  darker 
color.  The  full-grown  larva?  are  about  ll4  inches  in  length.  These  caterpillars  feed 
very  actively  at  night,  cutting  off  and  devouring  the  fern  leaves.  On  becoming  full- 
grown,  they  work  their  way  into  the  soil  and  there  spin  a  cocoon  in  which  they  change 
to  reddish-brown  pups.  The  pupal  stage  lasts  about  2  weeks.  There  may  be  a 
complete  generation  of  this  insect  every  7  or  8  weeks. 

Control  Measures. — Arsenical  poisons  have  not  been  found  particularly  effective 
against  this  caterpillar.  Recent  experiments  in  Canada  have  shown  that  dusting 
ferns  with  pyrethrum  powder,  applying  the  dust  twice  each  week,  was  very  effective 
in  controlling  the  fern  caterpillar.     A  spray  composed  of: 

Fresh  pyrethrum  powder }4  pound 

Common  laundry  soap 34  pound 

Water 8  gallons 

was  also  very  effective  in  poisoning  larvae  of  this  insect. 

Cutworms3 

The  same  cutworms  that  attack  garden  and  field  crops  outdoors  occur  also  in 
greenhouses.  The  liberal  use  of  the  poisoned-bran  bait  as  recommended  for  the 
control  of  cutworms,  on  page  323,  will  be  found  effective  in  cleaning  them  out  of 
greenhouse  benches  or  beds. 

Corn  Earworm  and  Other  Caterpillars 

A  full  description  of  the  corn  earworm  is  given  on  pages  350  and  490.  It  fre- 
quently happens  that  the  moths  when  abundant  in  the  fall  of  the  year  will  enter 
greenhouses  in  large  numbers  and  lay  their  eggs  on  many  of  the  greenhouse  plants, 
particularly  chrysanthemums.  The  injury  caused  by  young  earworms  feeding  on  the 
chrysanthemum  buds  is  often  very  severe.     Dusting  infested  chrysanthemums  with 

1  Archips  rosaceana  Harris,  Order  Lepidoptera,  Family  Pyralididae. 

2  Callopistria  floridensis  Guenee,  Order  Lepidoptera,  Family  Noctuidae. 

3  Order  Lepidoptera,  Family  Noctuidae. 
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oaloium  arsenate,  using  the  grade  of  calcium  arsenate  recommended  for  cotton  dusting, 
has  proved  very  effective  io  the  control  of  these  insects.  They  may  also  be  killed  by 
dusting  the  plants  with  calcium  fluosilicate.  There  is  a  slight  danger  of  burning  with 
the  calcium  arsenate,  bu1  practically  none  with  the  calcium  fluosilicate.  The  Ehiro- 
pean  com  borer,  (p.  'A'A'A),  the  cabbage  iooper  (p.  498),  and  the  yellow  woolly  bear 
(p.  441)  also  sometimes  attack  greenhouse  plants. 

Strawberry  Rootwohm  ' 

Importance  and  Type  of  Injury. — Roses  attacked  by  this  hectic  have 
the  Leaves  riddled  with  small  holes,  often  to  such  an  extent  that  they 
appear  to  have  been  peppered  with  shot.  The  bark  is  eaten  from  the 
new  growth)  and  the  eyes  of  the  buds  are  frequently  eaten  out.  An 
examination  of  the  roots  will  show  small,  curved-bodied,  whitish  grubs 
eating  off  the  small  feeding  roots  and  scoring  the  bark  of  the  larger 
roots  (see  also  p.  643  and  Fig.  437). 

Plants  Attacked. — Rose,  raspberry,  blackberry,  grape,  oats,  rye,  peach, 
apple,  walnut,  butternut,  wild  crab,  mountain  ash,  and  several  others. 

Life  History,  Appearance  and  Habits. — The  females  of  the  strawberry 
root  worm  are  about  J£  inch  long  and  two-thirds  as  wide  (Fig.  438). 
Most  of  the  beetles  are  brownish,  but  some  are  brownish-black,  usually 
with  four  black  spots  on  the  wing  covers.  They  lay  their  eggs  in  bunches 
of  from  4  to  15  on  dead  leaves  on  the  surface  of  the  benches.  The  eggs 
hatch  in  from  10  days  to  2  weeks,  and  the  small  grubs  work  their  way 
into  the  soil,  and  begin  feeding  on  the  rootlets.  They  become  full- 
grown  in  from  35  to  60  days.  They  then  change  in  the  soil  into  the  soft 
white  pupal  stage  in  which  they  remain  for  about  2  weeks,  emerging  as 
adults  at  the  end  of  this  period.  There  are  several  generations  a  year 
under  greenhouse  conditions.  While  this  insect  has  been  known  for  a 
number  of  years  as  a  pest  of  strawberries,  its  injury  to  greenhouse  plants 
has  been  comparatively  recent.  Both  sexes  of  the  insect  are  found 
out-of-doors,  but  only  females  have  been  found  in  the  greenhouse. 

Control  Measures. — Spraying  the  rose  plants  with  calcium  arsenate, 
at  the  rate  of  4  pounds  to  50  gallons  of  water,  is  a  fairly  effective  means  of 
control.  Such  a  spray  should  be  applied  shortly  after  the  plants  are  cut 
back,  as  it  is  at  this  time  that  they  suffer  the  worst  injury  from  the  beetle. 

During  the  resting  period  of  the  rose  plants  in  the  summer,  most  of 
the  beetles  in  the  greenhouse  may  be  killed  by  heavy  fumigations  with 
hydrocyanic  acid  gas,  using  the  gas  as  strong  as  the  plants  will  permit,  or 
about  2  ounces  of  sodium  cyanide  or  the  equivalent  of  calcium  cyanide 
to  1,000  cubic  feet  for  2  hours.  It  is  also  advisable  in  badly  infest ed 
houses  to  cover  the  soil  at  this  time  with  a  heavy  application  of  finely 
ground  tobacco  dust.  As  the  soil  will  not  be  watered  during  the  drying- 
out  period  of  the  plants,  this  layer  of  dust  will  remain  effective  for  some 
time  and  will  kill  many  of  the  beetles  or  young  larva1  hatching  from  the 

1  Paria  caneUa  Fabricius,  Order  Colooptera,  Family  Chrysomelidae 
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eggs.     All  lined  l»:ives  on  the  benches  should  be  collected  and  burned 
:it  short  intervals. 

Reference.  — U.  S.  Dept.  Agr.  Dept.  Bull.  1357,  1926. 

(    HItYSANTHEMUM    MlDGE1 

/ mportance  and  Type  of  Injury. — Infested  plants  have  the  leaves 
misshapen,  in  cases  of  light  infestations,  with  small,  somewhat  blister- 
like,  cone-shaped  galls  on  the  upper 
surfaces.  In  severe  infestations,  the 
leaves  are  curled,  the  flowers  are 
distorted,  with  crooked  stems,  and 
with  numerous  galls  along  the  steins 
and  leaves  (Fig.  486). 

Plants  Attacked. — ■Chrysanthe- 
mums of  all  varieties. 

Distribution. — This  insect  is  a  late 
importation  from  Europe,  having 
first  been  found  in  this  country  in 
1915.  It  is  now  generally  distrib- 
uted in  greenhouses  over  the  United 
States  and  Southern  Canada. 

Life  History,  Appearance,  and. 
Habits. — The  adult  insect  is  a  very 
frail  little  gnat,  about  Y\\  mcn  m 
length.  The  general  color  of  the  fore 
part  of  the  body  is  reddish  orange. 
The  abdomen  of  the  female  is  reddish 
to  orange,  and  that  of  the  male,  yel- 
lowish to  orange.  The  female  flies 
lay  very  minute,  orange-colored  eggs 
on  the  surface  and  tips  of  the  new 
growth  of  the  chrysanthemums.  The  maggots  hatching  from  these 
eggs  bore  their  way  into  the  plant  tissues.  The  irritation  resulting  from 
their  feeding  causes  the  growth  of  small,  cone-shaped  galls.  On  the 
leaves,  these  galls  are  usually  on  the  upper  side,  but  they  may  occur  also 
along  the  stems,  many  galls  developing  so  close  together  that  they  form 
masses  or  knots  on  the  stems.  Inside  these  galls  the  maggots  develop, 
reach  their  full  growth,  and  pupate.  On  emerging,  the  empty  pupal 
skin  will  usually  be  left  protruding  from  the  gall.  In  nearly  all  cases, 
the  adult  flies  emerge  after  midnight  and  before  morning.  The  life 
cycle  requires,  on  the  average,  about  15  days.  There  may  be  five  or  six 
generations  a  year  under  greenhouse  conditions. 

1  Diarthronomyia  hypogcea  Loew,  Order  Diptera,  Family  Cecidomyiidae. 


Fig.  4S6. — Injury  caused  by  the  chrysan- 
themum midge,  Diarthronomyia  hypogcea 
Loew.  About  natural  size.  (From  Mich. 
Agr.  Exp.  Sta.  Spcl.  Bull.  134.) 
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Control  Measures.  Nightly  fumigation  wiili  nicotine  for  a  period  of 
from  30  to  40  days  is  effective  in  cleaning  up  these  insects.  Such  fumi- 
gations do  not  kill  any  of  the  larva'  or  pupa'  within  the  galls,  but  will  kill 
the  adult  Hies.  For  this  reason,  a  fumigation  is  necessary  every  24  hours 
over  a  considerable  period  in  order  completely  to  clean  out  the  insects 

from  infested  houses. 

Spraying  with  a  mixture  of: 

10  per  cent   nicotine  Sulfate 1%  tenspoonfuls 

Soap 1  ounce 

Water 1     gallon 

has  proved  very  effective  in  cleaning  out  infested  greenhouses.  Sprays 
should  be  applied  every  second  day  for  a  period  of  about  6  weeks.  This 
spray  will  kill  the  newly  emerging  adults,  and  also  destroy  all  eggs 
which  are  wet  by  it.  As  the  adults  emerge  at  night,  the  best  results  will 
be  had  if  this  spray  is  applied  late  in  the  afternoon.  On  certain  varieties, 
a  slight  discoloration  of  the  leaves  may  result  from  frequent  spraying 
with  this  solution,  but  this  is  usually  quickly  outgrown. 

Reference.— U.  S.  Dept.  Agr.  Dept.  Bull.  833,  1920. 

Rose  Midge1 

Importance  and  Type  of  Injury.  — Flower  buds  are  distorted,  turning 
va*own  and  dying.  Tender  growth  is  sometimes  curled  and  brown,  the 
buds  and  young  shoots  failing  to  develop.  An  examination  of  buds  will 
show  whitish  maggots  clustered  inside,  mainly  at  the  base,  or  on  the 
upper  sides  of  the  tender  leaves  and  leaf  petioles.  The  maggots  are 
about  3^o  incn  in  length  when  full-grown.  They  are  at  that  time  some- 
what tinged  with  red. 

Plants  Attacked. — Roses. 

Life  History,  Appearance,  and  Habits. — The  adult  midge  is  a  very 
small,  two-winged  fly,  about  3^0  incn  in  length,  and  of  a  reddish  or 
yellowish-brown  color  (Fig.  487).  They  are  usually  most  abundant  in 
greenhouses  during  the  summer  and  early  fall.  The  females  deposit 
their  very  minute  yellow  eggs,  inserting  them  into  the  buds  usually  just 
behind  the  sepals  of  the  flower  buds,  or  in  the  unfolding  leaves.  The 
whitish  maggots  issuing  from  these  eggs  feed  on  the  tender  tissue  of  the 
new  growth  and  inside  the  buds,  becoming  mature  in  5  or  6  days.  They 
then  drop  to  the  ground,  where  they  spin  a  cocoon  in  which  the  pupal 
stage  is  passed.  The  length  of  the  life  cycle  varies  with  the  temperature 
of  the  house;  but,  under  favorable  conditions,  a  complete  generation  may 
appear  every  20  days.     Usually  the  winter  is  passed  in  cocoons  in  the  soil. 

Control  Measures. — Probably  the  cheapest  and  most  effective  control 
for  this  insect  is  to  cover  the  surface  of  the  beds  with  finely-ground 

1  Dasyncura  rhodophaga  Coquillett,  Order  Diptera,  Family  Cecidomyiids. 
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tobacco  dust,  putting  on  a  sufficient  amount  of  duel  to  make  a  layer  !  i 
inch  deep  over  the  surface  of  the  beds.     This  not  only  kills  the  full-grown 

maggots  when  they  drop  from  the  plants,  but  also  kills  the  pupa'  in  the 
cocoons,  and  has  been  found  entirely  effective  for  cleaning  up  this 
insect.  In  applying  the  tobacco  dust,  it  is  necessary  that  care  he  used 
to  make  a  complete  covering  over  all  parts  of  the  beds,  and  around  the 
Btems  of  the  growing  roses.  In  addition  to  covering  the  surface  of  the 
beds,  all  dirt  walks  and  soil  under  the  benches  should  be  thoroughly 
sprayed  with  a  10  per  cent  kerosene  emulsion. 


Fig.    487. — The    rose    midge,    Dasyneura    rhodophaya    Coquillett.      Adult  female,   greatly 
enlarged,  and  antenna  in  detail.      (From  III.  State  Nat.  Hist.  Sur.) 

Where  the  rose  midge  has  become  established  in  houses,  a  vigorous 
campaign  should  be  waged  against  it,  as  it  is  possible  for  the  insect  to 
destroy  the  entire  crop  in  a  short  time.  Aside  from  the  use  of  tobacco, 
all  infested  buds  should  be  picked  off  and  burned.  Fumigation  with 
tobacco  every  night  for  2  or  3  months  is  fairly  effective.  Such  fumiga- 
tions kill  the  adults,  but  do  not  injure  the  other  stages  of  the  insect. 

Fungus  Gnats1 

Importance  and  Type  of  Injury. — Plants  are  lacking  in  vigor  and  leaves  turning 
yellow,  without  visible  injury  to  any  part  of  the  plant  above  the  ground.  Roots  with 
small  brown  scars  on  the  surface,  or  with  small  feeding  roots  and  root  hairs  eaten  off. 
Very  small,  thread-like,  active,  white  maggots  embedded  in  the  root  tissue,  or  working 
through  the  soil  about  the  plant.     Often  injurious  to  potted  plants. 

Plants  Attacked. — Many  species  of  plants  grown  in  greenhouses. 

Life  History,  Appearance,  and  Habits. — There  are  several  species  of  so-called 
fungus  gnats  which  cause  injury  to  the  roots  and  underground  parts  of  the  stems  of 

1  Order  Diptera,  Family  Mycetophilidse. 


GREENHOUSE  WSE(  TS 


721 


plants  in  greenhouses.  The  adults  are  .'ill  very  small,  sooty-gray,  or  nearly  black 
Hies  or  gnats,  measuring  from  's  i<>  !  i  ()  inch  in  length.  These  flies  deposit  their  eggs 
m  clusters  of  2  to  80  or  more  in  the  soil,  each  female  laying  from  100  to  200  egg  , 
The  eggs  arc  only  aboul  Koo  inch  in  Length,  almost  too  small  to  be  seen,  although  the 
egg  clusters  may  be  readily  found.  After  about  6  days,  small  legless  maggots  with 
black  heads  and  nearly  I  ransparent  bodies,  hatch  and  begin  working  t  heir  \\  ay  I  hrougfa 
the  soil.     The  maggots  feed  for  5  to  7 days,  and  on  becoming  full-grown  are  about  \\ 

inch  in  length.  They  form  a  flimsy  cocoon  in  the  ground  and  there  pupate.  In  5  or 
6  days,  the  adult  flies  emerge  from  the  cocoons  and  work  their  way  to  the  surface 
of  the  soil.  They  live  for  about  1  week,  while  they  mate  and  lay  eggs  for  another 
generation. 

Control  M insures. — Thoroughly  drenching  the  soil  with  a  solution  of  mercuric 
bichloride,  or  corrosive  sublimate,  used  at  the  rate  of  1  ounce  dissolved  in  8  gallons  of 
water  is  very  effective  in  killing  these  maggots,  and  will  not  cause  injury  to  any  but 
the  most  tender-rooted  plants.  Mercuric  bichloride  is  a  deadly  poison,  and  cue 
must  be  used  in  handling  it.  The  solution  should  not  be  allowed  to  come  in  contact 
with  the  bare  skin.  It  also  has  a  very  corroding  effect  on  metals,  and  should  be  used 
in  glass  or  wooden  containers.  Allowing  the  soil  to  dry  to  as  great  a  degree  as  possible 
without  injury  to  the  plants  also  is  effective  in  killing  many  of  the  maggots;  but  it  is 
seldom  that  all  can  be  cleaned  out  by  this  method. 


Ik,.  188.- — Narcissus  bulbs  infested  with  larvae  of  the  narcissus  bulb  fly,  Mcrodon 
equestria  Fabricius,  the  bulb  on  the  left  opened  to  show  the  larva  and  its  work;  about 
natural  size.      (Front  Canadian  Dept.  Agr.  Bull.  7,  n.  s.) 


Narcissus  Bulb  Fly1 

Importance  and  Type  of  Injury. — Bulbs  of  narcissus  and  other  plants 
fail  to  grow.  The  bulbs  become  soft  and  the  outer  scales  of  the  bulbs 
often  have  brown  scars  upon  them.  An  examination  of  the  bulbs  will 
show  a  large  whitish  or  yellowish-white  maggot  inside  the  bulb,  feeding 
on  the  plant  tissue  (Fig.  488). 

1  Merodon  equestria  Fabricius,  Order  Diptera,  Family  Syrphids. 
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Plants  Attacked,     Narcissus .  \w  acini  h,  amaryllis,  galtonia,  and  several 

others. 

Distribution.    -The  insect   is  of   European  origin,  and  is  now  well 
established  throughout  the  western  pari  of  Canada.     It  has  frequently 

been  found  in  shipments  of  foreign  bulbs,  and  has  been  reported  from 
many  points  in  the  United  States. 

Life  History,  Appearance,  and  Habits. — The  adult  of  the  narcissus 
bulb  fly  is  a  shiny,  yellow-and-black,  hairy  fly,  about  the  size  of  a  small 
bumble  bee,  which  it  somewhat  resembles  in  appearance.  The  eggs  are 
laid  in  the  base  of  the  leaves  or  in  the  necks  of  bulbs.  The  young  maggots 
hatching  from  them  bore  into  the  bulb  and  rasp  or  tear  apart  the  plant 
tissues  by  means  of  their  strong,  somewhat  hooked  mouth  parts.  The 
maggots  are  whitish  to  yellowish-white  in  color,  thick  and  fat  in  appear- 
ance, and  reach  a  length  of  %  inch.  The  puparia  are  formed  in  the  bulb 
or  in  the  soil.  There  is  probably  not  more  than  one  generation  a  year. 
Control  Measures. — Treating  bulbs  with  hot  water  has  been  found  one 

of  the  most  effective  methods  of  con- 
trolling this  insect.  The  bulbs  should 
be  submerged  in  water  held  at  a  tem- 
perature of  110  to  111.5°  F.  for  2y2 
hours.  When  bulbs  are  taken  up  from 
the  field,  the  infested  ones  can  usually 
be  sorted  out  by  their  lighter  weight, 
softer  condition,  or  partly  decayed 
appearance.  Bulbs  showing  indica- 
tions of  heavy  infestation  should  be 
destroyed  by  burning,  and  the  remain- 
der of  the  lot  sterilized  in  hot  water. 

References. — Va.  Truck  Exper.  Sta.  Bull. 
60,  1927.  Jour.  Econ.  Entomol.  Vol.  21,  pp. 
352-357,  1928. 


Lesser  Bulb  Fly1 


Fig.  489.— The  lesser  bulb  fl  y  ; 
Eumerus  strigatua  Fallen;  bulb  show- 
ing larvae,  somewhat  reduced.  (From 
U.  S.  D.  A.  Farmers'  Bull.  1362.) 


Importance   and   Type  of  Injury. — ■ 

The  injury  closely  resembles  that  of  the 

narcissus  bulb  fly.     The  maggots  are 

grayish  or  yellowish  gray,  and  the  body 

is  markedly  wrinkled  (Fig.  489).     Many  maggots  will  often  be  found 

in  a  single  bulb.     They  reach  a  length  of  about  Yi  inch. 

Plants  Attacked. — Narcissus,  hyacinth,  amaryllis,  onion,  iris,  shallot, 
and  several  other  plants. 


1  Eumerus  strigatus  Fallen,  Order  Diptera,  Family  Syrphidae. 
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Distribution.    The  distribution  <>f  this  insect  is  about  the  same  an  that 

of  the  narcissus  bulb  fly.      It  is  probably  already  established  out-of-doors 
in  some  points  in  the  United  States. 

Lift  History,  Appearance,  and  Habits. — The  adult  fly  is  of  a  blackish- 
green  color,  ! ;{  inch  Long,  with  the  body  nearly  bare  of  hairs,  but  with 
several  white  lunate  markings  on  the  sides  of  the  abdomen.      It  somewhat 

resembles  a  small  wasp.     The  general  life  history  is  the  same  as  that  of 
the  narcissus  bulb  fly,  but  there  are  probably  two  generations  a  year. 

Control  Measures. — The  control  measures  are  the  same  as  those 
suggested  for  the  narcissus  bulb  fly. 

White  Grubs 

importance  and  Type  of  Injury. — White  grubs  of  the  same  species  as  those  attacking 
the  roots  of  plants  outdoors  (see  Corn  Insects  p.  306),  occasionally  occur  in  numbers  in 
greenhouses.  They  may  be  the  grubs  of  the  ordinary  June  beetles,  or  those  of  several 
other  beetles,  particularly  of  the  genus  Ochrosidia  or  the  Japanese  beetle  (p.  G05) 
or  cyclamen  weevil.1  In  most  cases,  the  insects  are  brought  into  the  greenhouse  wit  1 1 
infested  soil.  In  a  few  cases,  particularly  with  Ochrosidia,  the  adult  beetles  may 
gain  access  to  the  greenhouses  at  night,  during  the  period  of  the  year  when  the  insects 
are  abundant,  and  lay  their  eggs  in  the  soil  of  pots  or  benches.  The  length  of  the 
life  cycle  under  greenhouse  conditions  has  never  been  carefully  worked  out.  With  the 
last-mentioned  species,  however,  it  does  not  occupy  more  than  one  year. 

Control  Measures. — The  best  method  of  controlling  white  grubs  in  greenhouse  soils 
is  to  sterilize  the  soil  with  steam  or  carbon  bisulfide  (see  under  nematodes,  p.  729). 
A  careful  inspection  should  be  made  of  all  soil  brought  into  the  greenhouse,  to  make 
Bure  that  it  does  not  contain  large  numbers  of  these  insects.  The  adult  beetles  may 
be  kept  out  of  the  greenhouses  by  screening. 

Other  Greenhouse  Beetles 

Wireworms  (see  p.  303)  gain  access  to  greenhouse  soils  in  the  same  way  as  white 
grubs.  The  treatment  for  these  insects  under  greenhouse  conditions  is  the  same. 
The  cyclamen  weevil1  and  the  Japanese  beetle  (see  p.  605)  are  greenhouse  pests  in 
areas  where  they  occur. 

Bulb  Mite2 

Importance  and  Type  of  Injury. — Bulbs  of  various  species  of  plants 
rot  and  fail  to  produce  growth  (Fig.  490).  Plants  grown  from  bulbs 
turn  yellow  and  present  a  general  sickly  appearance.  The  leaves  of 
such  plants  are  stunted  and  distorted,  and  the  plants  will  generally  fail 
to  produce  flowers,  or  will  produce  only  misshapen  ones.  Very  small, 
whitish,  six-  or  eight-legged  mites  may  be  found  in  large  numbers  shelter- 
ing behind  or  boring  into  the  bud  scales. 

Plants  Attacked. — These  mites  attack  practically  all  classes  of  bulbs, 
some  of  the  more  commonly  infested  being  narcissus,  tulip,  lilac,  and 
hyacinth. 

1  Braehyrhinua  sulcotua  (Fabricius),  Order  Coleoptera,  Family  Curculionidse. 
1  Rhizoglyphus  hyodnthi  Boisduval,  Order  Acarina,  Family  TyTOglyphidae. 
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Distribution. — These  creatures  are  of  European  origin,  but  have  been 
now  generally  distributed  throughout  the  United  States  and  Canada  in 
shipments  of  bulbs  from  Europe,  Japan,  and  the  Bermuda  Islands. 

Life  Histonj,  Appearance,  and  Habits.  Infested  bulbs  will  contain 
practically  all  stages  of  the  bulb  mite.     These   mites  are  very  small, 


Fig.  490. — The  bulb  mite,  Rhizoglyphus  hyacinthi  Boisduval;  mites  working  in  a  rotten 
bulb,    and   their  eggs;   enlarged   about  eight  times.      (From   Conn.    Agr    Exp.   Sta.   Bull. 

225.) 


whitish,  barely  visible  to  the  naked  eye  (Fig.  490).  The  eggs  are  laid 
behind  the  bud  scales  and  soon  hatch  into  the  six-legged  nymphs.  After 
molting,  these  nymphs  change  to  the  eight-legged  form,  and  during  this 
second  instar  of  their  life  are  most  destructive  to  the  bulbs.  After  a 
second  molt  they  become  adults  and  begin  to  reproduce.  The  mites 
apparently  prefer  healthy  bulbs  and  migrate  through  the  soil  from  the 
decaying  bulbs  to  the  more  attractive  food.     They  are  readily  trans- 
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ported  from  place  to  place  in  bulb  shipmenls.      The  life  of  the  lei  mile  hull) 

mile  is  about    l   month,  while  i hat   of  i he  male  is  less.     Each  female 

deposits  from  60  to  over  100  eggS. 

Control  Measure. — All  bulbs  found  infested  hy  the  miles  should  he 
destroyed  hy  burning  at  the  time  of  digging,  or  when  the  bulbs  are 

planted,  either  in  the  field  or  in  the  greenhouse.  Infested  hulhs  can  be 
recognised  hy  their  soft,  mushy  condition.  They  may  he  dipped  in  a 
solution  of  10  per  cent  nicotine  sulphate,  using  1  part  of  the  nicotine 
to  100  parts  of  water.  If  bulbs  are  submerged  for  3  hours  in  water 
heated  to  110°  F.,  practically  all  the  mites  will  be  killed.  Sound,  healthy 
bulbs  in  which  the  root  growth  has  not  started,  will  not  be  injured  by 
this  treatment. 

Reference.— Conn.  Agr.  Exp.  Sta.  Bull.  225,  p.  126,  1921. 


Fig.  491. — Cyclamen  blooms  destroyed  by  the  cyclamen  mite,  Tarsoncmus  pallidas 
Banks;  healthy  bloom  at  right.  About  natural  size.  {From  Canadian  Dept.  Agr.  Bull. 
7,  n.  s.) 


Cyclamen  Mite1 

Importance  and  Type  of  Injury. — Infested  plants  have  the  leaves 
distorted,  with  the  buds  failing  to  open  or  with  small  distorted  flowers, 
I > resenting  a  streaked  and  blotchy  appearance  (Fig.  491).  The  foliage 
shows  purplish  areas.  Small,  white  or  pale-brown  mites,  with  six  or 
eight  legs,  work  about  the  base  of  the  plants  or  in  the  buds  or  the  injured 
areas  on  the  leaves. 

Plants  Attacked. — Cyclamen  is  injured  more  than  any  other  plant. 
This  mite  is  also  recorded  as  a  pest  of  snapdragon,  geranium,  chrysanthe- 
mum, larkspur,  begonia,  and  fuchsia. 

1  Tarsonemus  paUidtu  Hanks,  Order  Acarina,  Family  Tarsonemidae. 
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Distribution.  Like  the  preceding,  it  is  an  imported  species.  Ii 
was  first  noticed  in  \Y\\  York  in  L898,  and  in  Canada  m  1(.)()S.  Il  is  now 
generally  distributed  in  greenhouses  throughout  the  country. 

Life  History,  Appearance,  and  Habits.  -The  adult  mites  are  pale, 
shiny,  brown  creatures  with  four  pairs  of  legs.  The  immature  forms 
are  paler  in  color,  glassy-looking,  and  have  only  three  pairs  of  legs.  The 
eggs  are  laid  about  the  bases  of  cyclamen  plants,  and  also  in  the  injured 
areas  in  the  leaves.  They  are  only  about  J^o  incri  l°ng>  and  can  barely 
be  seen  with  the  naked  eye.  All  stages  of  the  mites  will  be  found  on  the 
foliage  of  infested  plants,  usually  in  greatest  numbers  about  the  base  of 
the  plants  and  the  flowers  or  buds. 

Control  Measures. — Spraying  with  weak  solutions  of  oil  emulsion 
(see  p.  250),  using  a  neutral  white  oil  of  about  40  viscosity,  at  a  strength 
of  1  per  cent,  has  given  excellent  control  of  these  mites  in  experimental 
work  in  Illinois  greenhouses.  Thorough  spraying  with  a  40  per  cent 
nicotine  sulfate,  used  in  the  following  dilutions,  has  been  recommended 
as  being  very  effective: 

Nicotine  sulfate 1  fluid  ounce 

Soap 4  avoirdupois  ounces 

Water 4  gallons 

This  solution  will  have  to  be  applied  very  thoroughly,  making  four  or  five 
applications  at  intervals  of  about  1  week. 

SOWBUGS1    OH    PlLLBUGS2 

Importance  and  Type  of  Injury. — These  creatures  are  not  insects  but  are  more 
closely  related  to  crayfish.  They  frequently  cause  some  damage  in  greenhouses. 
The  plants  infested  show  feeding  about  the  roots,  and  on  the  tender  portions  of  the 
stems  near  the  ground.  Light  gray  to  slate-colored,  fat-bodied  and  distinctly  seg- 
mented creatures,  with  seven  pairs  of  legs,  and  up  to  %  mcn  l°ng>  will  be  found  hiding 
about  the  bases  of  plants  or  under  clods  or  bits  of  manure  on  the  surface  of  the  benches 
(Fig.  492). 

Plants  Attacked. — Roots  and  tender  growth  of  nearly  all  greenhouse  plants  are 
attacked. 

Life  History,  Appearance,  and  Habits. — These  creatures  reproduce  by  means  of 
eggs  which  are  retained  in  the  marsupium  of  the  female  for  about  2  months.  Young 
sowbugs,  on  hatching,  do  not  leave  the  marsupium  of  the  female  for  some  time.  The 
young  are  similar  to  adults  except  in  size.  About  1  year  is  required  for  the  young  bugs 
to  reach  full  growth.  All  stages  of  the  bugs  will  be  found  in  infested  greenhouses  at 
the  same    time. 


xPorceXlio  lavis  Koch,  and  others,  Class  Crustacea,  Order  Isopoda,  Family 
Oniscidse. 

2  Armadillidium  vulgar e  (Latrielle),  Class  Crustacea,  Order  Isopoda,  Family 
Armadillididse. 
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Control  Measures,    One  of  the  besl  met  hods  of  eliminating  sowbugs  is  to  poison 
them,  using  b  poison  bran  mash  made  of: 

Dry  bran I  p,,(-k 

Pans  green ' »  pound 

Syrup 1   pint 

Water 4  quarts 

The  ingredients  should  be  very  thoroughly  mixed  together,  and  the  bran  placed 

Over  the  benches  in  small  piles,  about  a  handful  in  a  place.  Many  florists  poison  the 
bugs  by  the  use  of  a  mixture  of  1  part  Paris  green  to  9  parts  sugar.  This  is  either 
sprinkled  over  the  benches  or  placed  in  small  piles  under  clods,  bits  of  manure,  or 
boards,  where  the  BOwbugS  congregate. 


^i^k^bw^- 

{                            .'  ••••■ 

Fig.    492. — Sowbugs   feeding   in   manure.     About   natural   size. 

Agr.  Bull.  7,  n.  s.) 
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Millipedes1 

Importance  and  Type  of  Injury. — Young  shoots  of  plants  are  chewed  and  the  tender 

parts  of  the  stem  have  areas  eaten  out  of  the  bark.     Seedlings  are  sometimes  cut  off. 

i  Infested  houses  have  many,  long,  slender,  hard-shelled,  very  active,  crawling  creatures 

(Fig.  280)  with  two  pairs  of  legs  on  nearly  every  segment,  hiding  under  clods  on  the 

benches,  or  scuttling  about  among  the  plants. 

Plaids  Attacked. — Many  different  species  of  greenhouse  plants.  However,  the  main 
food  of  these  creatures  is  decaying  vegetable  matter,  particularly  manure,  used  for 
fertilizing  in  greenhouse  benches. 

Life  History,  Appearance,  and  Habits. — The  eggs  are  laid  either  in  the  soil  or  on  the 
surface.  They  are  deposited  in  clusters  containing  100  or  more.  Each  female  deposits 
about  300.  The  eggs  are  covered  with  a  somewhat  sticky  material  and  are  nearly 
translucent  when  first  laid.  They  hatch  in  about  3  weeks,  giving  rise  to  young  milli- 
pedes, which  differ  from  the  adult  only  in  size,  in  number  of  segments  on  the  body,  and 
in  having  at  first  only  three  pairs  of  legs.  They  grow  slowly,  gradually  assuming  the 
adult  form.      There  is  probably  one  generation  each  year. 

Control  Measures.  The  poison-bran  bait  recommended  for  BOwbugs  is  quite 
effective  againsl  these  creatures.  Thoroughly  drenching  the  sod  with  a  solution  of 
lOrthomorpha  gracilis  Koch  and  other-.  Class  Diplopoda. 
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mercuric  bichloride,  at  the  rate  o!  l  ounce  to  S  or  10  gallons  <>i  watei ,  can  be  used  with 

!  results.     For  small  amounts,  use  I  be  mercuric  bichloride  ;it  the  rate  of  one  2-grain 

tablet  to  1  pint  of  water.     This  poison  should  be  mixed  in  glass  or  wooden  vessels, 

and  should  not  be  allowed  to  eome  in  contad  with  the  bare  skin. 

Si. i  qs1 

Importance  and  Type  of  Injury. — The  foliage  of  plants,  particularly  in  the  damper 
parts  of  greenhouses,  is  frequently  fed  upon  and  injured  by  grayish,  or  grayish-brown, 
slimy,  legless,  soft-bodied  creatures,  from  'L.  t<>  -1  inches  in  length  (Fig.  493).     A  shiny 

trail,  composed  of  a  sticky,  viscid  secretion  given  off  from  the  body  of  the  slug,  will 
mark  the  course  of  its  travels  over  benches  and  plants. 

Plants  Attacked.  —  Many  kinds  of  plants  are  at  tacked,  particularly  coleus,  cineraria, 
geranium,  marigold,  and  snapdragon. 

Life  History,  Appearance,  and  Habits. — The  eggs  are  laid  in  masses,  in  damp  places 
about  the  greenhouse  benches,  underneath  boards  and  flower  pots,  or  in  the  soil. 
They  are  held  together  by  a  sticky  secretion  which  turns  yellow  before  the  eggs  hatch. 


Fig.  493. — A  slu^.  enlarged.      (From  Canadian  Dept.  Agr.  Bull.  7  n.  s.) 

In  about  1  month  the  eggs  give  rise  to  very  small  young,  which  closely  resemble  the 
adult  slugs  except  in  size.  They  develop  slowly,  and  probably  live  for  a  year  or  more. 
Control  Measures. — Trapping  and  hand  picking  are  quite  effective  under  green- 
house conditions.  For  this  purpose,  bits  of  boards  or  several  handfuls  of  plant  refuse 
may  be  piled  about  the  benches  in  the  damper  parts  of  the  greenhouses  where  the 
slugs  congregate  in  greatest  numbers.  If  these  piles  are  lifted  each  morning,  and  the 
slugs  picked  from  under  them  and  killed,  they  can  be  kept  down  to  a  point  where  little 
damage  will  occur  except  in  cases  of  very  heavy  infestations.  Sprinkling  the  surface 
of  the  heavily  infested  beds  with  hydrated  lime  is  also  quite  effective  in  killing  the 
slugs;  but  care  will  have  to  be  used  that  the  lime  is  not  applied  to  growing  plants,  or 
injury  is  almost  sure  to  result.  Spraying  the  soil  with  a  solution  of  mercuric  bichloride, 
as  recommended  for  the  control  of  millipedes  and  sowbugs,  is  effective  also  in  con- 
trolling slugs. 

Nematodes  or  Eel  Worms2 

I mportance  and  Type  of  Injury. — Plants  infested  by  nematodes  will 
present  a  weakened,  sickly  appearance,  without  visible  injury  to  the  stem 
or  any  part  of  the  plant  above  ground.  An  examination  of  the  roots 
will  show  numerous  knots  or  galls;  or,  in  cases  of  severe  infestation, 
practically  all  roots  will  have  a  swollen,  gouty  appearance  (Fig.  494). 

Plant*  Attacked. — Four  or  five  hundred  different  kinds  of  plants  are 
known  to  be  attacked  by  nematodes,  including  practically  all  plants  grown 

1  Class  Gastropoda,  Order  Pulnionata,  Family  Limacidav 

2  Heterodera  rodicieola,  Class  Nematoda,  Family  Anguillulidse. 
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in  greenhouses  in  the  United  Slates.    They  are  particularly  a  pest  of 
tomatoes  and  cucumbers,  and  also  very  had  on  cyclamen. 

Control  M nisi/res. — The  best  method  of  controlling  these  creatures  is 
to  use  soil  which  is  known  to  be  free  from  infestation.  If  nematodes 
have  gained  access  to  greenhouse  benches,  it  will  be  necessary  to  sterilize 
the  soil,  between  crops,  in  order  to  keep  down  injury.  Probably  tin- 
most  effective  method  of  soil  sterilization  is  by  steam.  Gibson  gives  the 
following  directions  for  the  use4  of  this  method. 


Fig.  494. — Roots  of  a  tomato  plant,  showing  enlargements  caused  by  a  heavy  infestation 
of  eel  worms.      (From  III.  State  Nat.  Hist.  Sur.) 


The  Pipe  Method. — In  this  method  the  steam  is  applied  by  means  of  a  set  of 
V/i  inch  or  1>£  inch  pipes,  perforated  with  holes  H  to  Y±  inch  in  diameter,  and 
about  1  foot  apart.  The  number  and  length  of  the  pipes  should  conform  to  the 
boiler  capacity  and  length  of  beds.  According  to  Selby  and  Humbert,1  the 
perforated  pipes  should  not  be  more  than  40  feet  in  length,  nor  exceed  seven  or 
eight  in  number.  With  medium  boiler  capacity,  say  50  to  60  horsepower,  pipes 
30  feet  in  length  are  most  serviceable.  The  pipes  should  be  about  16  inches 
apart  and  should  be  connected  with  a  2-inch  crosshead  by  means  of  T-connections. 

In  using  this  system,  the  pipes  are  buried  at  a  depth  of  about  <>  inches,  care 
being  taken  to  see  that  they  lie  Level.  The  soil  is  then  levelled  and  covered  with 
canvas  or  Backing  t«»  check  the  escape  of  steam. 

*Ohio  Agr.  Exp.  sin.,  Ore.  151,  1915. 
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Potatoes  may  be  used  to  determine  the  duration  of  the  treatment.  The 
potatoes  should  be  placed  near  the  surface  and  treatment  stopped  when 
they  are  well  cooked. 

Steam  sterilization  not  only  eradicates  nematodes,  but  it  also  rids  the  soil  of 
all  insect  life;  of  pests  such  as  sowbugs;  of  injurious  fungi  such  as  those  which 
cause  damping-off,  lettuce  drop,  and  Rhizoctonia;  and  of  weed  seeds.  It  also 
has  the  advantage  of  improving  the  soil  conditions,  and  for  this  reason  it  is  said 
that  sterilized  soil  requires  less  fertilizer  than  untreated  soil. 

Where  steam  sterilization  cannot  be  used,  heavy  dosages  of  carbon 
bisulfide  will  give  some  relief,  but  this  has  usually  not  been  found  as 
effective  as  steam  sterilization. 

Miscellaneous  Greenhouse  Pests 

Ants  (p.  734),  earthworms,  and  termites  (p.  739)  sometimes  infest 
the  soil  of  greenhouses,  and  the  latter  are  often  destructive  to  the 
woodwork. 


CHAPTER  XXI 

HOUSEHOLD    INSECTS,    AND    PESTS    OF     STORED    GRAINS, 
SEEDS,  AND  CEREAL  PRODUCTS 

No  other  insects  cause  so  much  personal  annoyance  and  embarrass- 
ment as  those  that  frequent  our  dwellings.  They  attempt,  often  success- 
fully, to  appropriate  our  food  and  clothing  to  their  use,  and  sometimes 
even  make  themselves  at  home  on  our  persons.  Most  of  these  insects 
may  be  cheaply  and  easily  controlled,  if  the  right  method  is  employed. 

A  large  number  of  insects,  including  many  species  of  beetles,  moths, 
and  mites,  attack  grain  and  grain  products  in  farmers'  bins,  elevators, 
mills,  warehouses,  retail  stores,  and  the  home.  The  damage  done  in 
this  way  is  estimated  to  exceed  $200,000,000  yearly.  It  is  impossible 
to  treat  all  of  these  insects  in  this  publication.  The  more  important 
insects  are  mentioned,  and  some  of  the  points  of  their  life  history  are 
given. 

As  the  method  of  control  is  much  the  same  for  all  of  the  insects  of 
stored  grains  and  seeds,  no  attempt  is  made  to  give  a  separate  control 
for  each  species,  but  the  general  measures  for  controlling  these  insects 
are  given  near  the  end  of  the  chapter,  pages  761  to  763. 

Many  of  the  best  publications  on  these  insects  deal  in  a  general  way 
with  the  many  species  attacking  this  class  of  products,  and,  as  some  of 
these  publications  contain  references  or  short  bibliographies,  no  special 
references  are  given  for  some  of  the  species.  Some  of  the  publications 
dealing  with  this  class  of  insects  are: 

U.  S.  Dept.  Agr.  Div.  Ent.  Bull.  4,  n.  s.,  rev.  1902;  Kan.  Agr.  Exp.  Sta.  Bull.  189, 
1913;  III.  Agr.  Exp.  Sta.  Bull.  156,  1912;  Minn.  Agr.  Exp.  Sta.  Bull.  198,  1921;  U.  S. 
Dept.  Agr.  Dept.  Bull.  872,  1920;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1029,  1919;  U.  S. 
Dept.  Agr.  Farmers  Bull.  1260,  1922;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1275,  1922;  U.  S. 
Dept.  Agr.  Farmers'  Bull.  1483,  1926;  U.  S.  Dept.  Agr.  Dept.  Bull.  1428,  1926;  U.  S. 
Dept.  Agr.  Dept.  Bull.  1393,  1926.  Herrick,  "Insects  Injurious  to  the  Household" 
The  Macmillan  Company,  1921. 

KEY  TO   INSECTS   INFESTING   THE   HOUSEHOLD,   AND    STORED   GRAIN, 

SEEDS,  AND  GRAIN  PRODUCTS 

A.   Ant-like  insects  crawling  openly  in  the  house  and  getting  into  foods: 

1.  Small  to  very  small,  active,  reddish  or  brownish,  wingless  insects,  from  J>{6 
to  l£  inch  long,  with  a  slender  waist  between  thorax  and  abdomen,  run  about  hurriedly 
over  the  floors  or  shelves  of  pantries  and  kitchens  and  feed  upon  sweets  or,  in  some 
cases,  on  meats  and  fats.     Cornfield  ant,  Pharaoh's  ant  and  many  others,  page  734. 
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_'.  Medium-sized  to  small,  black,  active,  wingless  insects,  from  :is  to  Vi  inch  long, 
with  a  Blender  waist  between  thorax  and  abdomen,  feeding  <>ii  sweets  and  other  food 
substances,  sometimes  emerging  from  cracks  in  the  timbers  of  1  jo  uses,  or  other  wooden 
parts  of  the  building.     Carpenter  ant  or  large  black  ant,  page  73  I. 

3.  In  the  southern  and  Bouthwestern  parts  of  the  United  Stated  small,  very  dark, 

Uniform  brown,  rather  slender-bodied  ants,  about    \  j  „  inch  long,  with  long  autenn 
One-segmented  pedicel,  and  no  odor  when  crushed,  swarm  into  houses  and  over  tn 
especially  citrus.      These  ants  iced  on  nearly  all  kinds  of  human  food,  including  sweets, 
meats,  and  fats.     Argentine  ant,  page  738. 

B.  Whitish,  ant-like  insects  working  in  wood  and  wood  products: 

1.  Large  numbers  of  slender,  dark-brown,  winged  insects,  without  a  slender  waist, 
emerge  from  cracks  in  floors  or  walls  or  from  holes  eaten  through  the  woodwork  of 
buildings.  Small,  whitish,  brown-headed,  soft-bodied,  wingless  insects  feed  and  tun- 
nel in  the  woodwork  of  buildings,  particularly  on  timbers  that  come  in  contact  with 
the  ground.  Injured  wood  is  almost  completely  eaten,  except  an  outer  shell.  Some- 
times cement-like  tubes  are  constructed  over  brick  or  stone  foundations,  leading  to 
the  woodwork.     Termites  or  white  ants,  page  739. 

C.  Insects  running  very  swiftly  about  the  house  in  dark  places  or  at  night:  rarely  found  in. 
foods: 

1.  Slender,  pale  brown  creatures,  up  to  2  inches  in  length,  with  many  extremely 
long  legs,  scurry  rapidly  over  walls  or  floors  when  lights  are  suddenly  turned  on.  Do 
not  feed  on  stored  foods  or  fabrics.     House  centipede,  page  741. 

2.  Dark-brown,  light-brown  or  black,  shiny,  fiat-bodied,  long-legged  insects,  the 
smaller  ones  without  wings,  the  larger  ones  winged,  feeding  on  the  binding  of  books, 
the  sizing  of  papers,  and  foods  of  all  kinds.  The  insects  are  seldom  seen  in  the  day- 
time. A  noticeably,  sweetish,  sickening  odor  where  these  insects  are  present  in 
numbers.     Cockroaches,  page  742. 

3.  Small,  wingless,  grayish-white  to  brownish,  carrot-shaped,  glistening  insects, 
up  to  l/i  inch  in  length,  with  slender  feelers  projecting  from  the  head  and  from  the  tail, 
run  rapidly  over  books,  walls,  and  papers  and  feed  on  the  binding  of  books,  wall 
paper,  or  food  stuffs.     Silverfish,  page  744. 

D.  Insects  feeding  in  tobacco,  drugs,  the  silk  upholster  y  of  furniture,  leather,  etc.: 

1.  Cigars,  cigarettes,  and  package  tobaccos,  with  small,  white,  very  hairy  grubs, 
and  very  small,  light-brown  beetles  ( \  1(;  inch  long),  with  hairy,  but  not  striated  wings, 
eat  holes  through  the  tobacco  or  feed  in  numbers  within  the  packages.  Upholstered 
furniture,  with  numerous  holes,  eaten  through  the  covering  by  these  grubs  or  beetles. 
Tobacco  beetle,  page  744. 

2.  Small,  white,  curved  grubs,  similar  to  D,  1,  but  not  hairy;  and  small,  rather 
narrow-oval,  reddish  brown  beetles  with  striated  wings,  mine  and  tunnel  through 
packages  of  drugs,  vegetable  poisons,  foods,  leather,  and  a  great  variety  of  other 
substances,  which  they  eat.     Drug-store  beetle,  page  745. 

E.  Insects  destroying  clothing,  fabrics,  furs,  and  other  animal  products: 

1.  Rugs  or  carpets  with  holes  eaten  in  them,  or  stuffed  animals,  birds,  and  insects 
being  fed  upon  by  small,  dark-brown,  very  hairy  larva'  about  3>.±  inch  in  length.  Small 
brown-and-gray,  or  black,  beetles,  sometimes  flecked  with  red,  crawling  over  infested 
materials.  Beetles  oval  in  outline,  about  }4>  incn  long.  Carpet  beetles,  or  buffalo 
beetles,  and  museum  pests,  page  746. 

2.  Wool  or  silk  clothing,  feathers,  and  other  animal  products  with  many  silken 
cases  or  webs  on  the  surface,  containing  small  whitish  worms.  Fabrics  with  numerous 
holes  eaten  through  them.  Small,  buff-colored  moths,  about  }>£  inch  long,  running 
rapidly  over  the  surface  of  fabrics  when  exposed  to  light,  or  flying  aimlessly  about  in 
closets.     Clothes  moths,  page  748. 
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F.  lust  ris  eating  iii  meats,  cheess  and  othei  foods: 

1.  Wry  hairy,  brown  larvs,  somewhat   resembling  E,   I,  but   with  two,  short, 

curved  hooks  on  the  last  segment,  feed  on  meals,  particularly  dried  or  smoked  meat 
other   food    products,    feathers,   skins,   etc.     Dark-brown    hectics,    about     '.<    inch 

Long,  with  a  pale  yellow  hand  across  the  middle  of  the  body,  crawling  ahont   on   the 

surface  of  food  materials  where  larvae  are  feeding.     Larder  beetle,  page  750. 

2.  Insects  similar  to  F,  1,  feeding  in  meats,  hides,  tallow,  and  other  animal  matter. 
The  hectics  black  above  whitish  beneath  and  from  ]4  to  '  ;i  inch  long.  Hide  beetle, 
Dermesies  vulpinus  Fabricius. 

3.  Cheese  and  Bmoked  meats  with  small  yellowish  maggots  crawling  over  the 
Surface  or  through  the  cheese.  These  maggots  .sometimes  jump  or  hop  for  some  dis- 
tance', by  suddenly  bending  and  then  straightening  their  bodies.  Cheese  skipper, 
page  751. 

4.  Cheese,  hams,  cereals,  and  other  food  products  become  musty  and  are  found  on 
dose  examination  to  be  swarming  with  tiny,  whitish,  eight-legged  mites  not  over  \^2 
Inch  long.     Cheese  mitts,  ham  mites,  and  flour  mites,  page  752. 

G.  Insects  attacking  stored  grains  and  grain  products: 

(a)    The  parents  are  hard-shelled  beetles:  the  larvce  do  not  have  prolegs  and  spin  no  silk. 

1.  Dark-brown,  snout  beetles,  up  to  ^  inch  in  length,  crawling  over  and  through 
grain  products  held  in  storage.  Grain  heats  and  becomes  moist,  sometimes  matted 
together  because  of  sprouting.  Individual  grains  contain  white,  fat-bodied,  legless, 
white  grubs.     Granarij  weevil,  or  rice  weevil,  page  753. 

2.  Small,  dark  red,  narrow-bodied  beetles,  about  Y§  inch  in  length,  running  rapidly 
over  the  surface  of  grains;  often  found  in  flour,  meal,  breakfast  foods,  and  other  food 
products.  Small,  brownish-white,  six-legged  larva?,  about  %  inch  long,  feeding  in 
and  on  the  grain.     Confused  flour  beetle,  and  rust-red  flour  beetle,  page  754. 

3.  Insects  similar  to  G  2,  but  more  slender,  flatter,  and  somewhat  darker  in  color, 
feeding  on  dried  fruits,  grain,  and  grain  products,  nuts,  seeds,  and  many  other  foods. 
Each  side  of  the  thorax  showrs  six,  fine,  saw-tooth-like  projections,  when  examined 
under  a  lens.  Larvae  with  bodies  very  slender,  nearly  bare  of  hairs,  somewhat 
depressed.     Saw-toothed  grain  beetle,  page  755. 

4.  Very  small  dark-browm  beetles  with  rather  long,  prominent  antennae,  and  slight 
knobs  at  front  angles  of  thorax,  found  in  same  situations  as  G  3,  and  particularly  in 
bins  of  oats  and  barley.     Foreign  grain  beetle,  Cathartus  advena  Waltl. 

5.  Smooth,  shiny-bodied,  uniformly  brown  to  yellow  worms  closely  resembling 
wireworms,  feeding  in  the  lower  parts  of,  or  beneath  grain  bins  and  where  the  grain  is 
moist.  Rather  robust,  somewhat  flattened,  black  to  brown  beetles,  up  to  nearly 
1  inch  in  length,  in  the  same  situations.  Yellow  meal  worm  and  dark  meal  worm, 
page  756. 

6.  Black  beetles,  somewhat  resembling  G  5,  but  smaller  in  size,  about  \fa  inch  in 
length,  with  the  head  and  prothorax  distinctly  separated  from  the  rest  of  the  body  by 
a  narrow  waist.  Whitish  to  grayish-white,  soft-bodied  larvae,  with  black  heads  and 
two  short  black  projections  from  last  segment  of  abdomen,  work  among  grains,  par- 
ticularly where  undisturbed  for  some  time.     Cadelle,  page  757. 

(6)    The  parents  are  delicate  winged  moths;  the  larvce  have  prolegs  and  often  spin  much 
sill:  among  the  grain. 

7.  Wheat  and  corn  in  storage  have  small  round  holes,  a  little  larger  than  a  common 
pin  head,  eaten  into  the  grain-.  Whitish  worms  up  to  nearly  ]  ■>  inch  in  length,  living 
and  feeding  inside  the  kernels.  Brownish-gray  moths,  a  little  less  than  '  •_»  inch  in 
length,  with  a  long  fringe  of  hairs  on  the  wings,  fly  about  the  bins  or  cribs,  or  crawl 
over  the  surface  of  the  grain.      Angoumois  (/rain,  moth,  page  758. 

8.  Flour  in  mills,  and  sometimes  in  storehouses,  webbed  and  matted  together  in 
masses,  by  small  white  to  pinkish  worms  up  to  a-j  inch  in  length,  which  are  usually 


734  DESTRUCTIVE  AND  USEFUL  JN8ECT8 

ooncealed  in  their  silk  tubes.  Masses  of  webbed  flour  frequently  becoming  so  tightly 
packed  in  mill  machinery  as  to  prevent  the  operation  of  the  machines.  Gray,  black- 
marked  moths,  resting  on  the  surface  of  grain,  or  flour,  in  infested  mills.  Mediter- 
ranean flow  math,  page  759. 

9.  Flour,  grain,  and  grain  products,  and  especially  dried  fruits,  nuts,  nut  candies, 
and  other  food  products,  infested  by  small,  whitish  to  greenish-white  worms,  up  to  Yi 
inch  in  length.  More  or  less  webbing  of  infested  material,  but  not  so  much  as  in  G  8. 
Small  moths  with  tin-  basal  half  of  the  front  wings  much  lighter  in  color  than  the  tip, 
resting  on  infested  material,  or  flying  about  over  it.  Indian  meal  moth,  page  760. 
//.  Insects  attacking  stored  bearLS  and  peas,  also  the  developing  seeds  within  pods  in  (In- 
field: 

1.  Peas  in  the  pod  contain  white,  nearly  footless  grubs  or  short,  chunky,  brownish 
beetles  which  feed  exclusively  inside  and  show  no  entrance  hole  except  a  small  dark  dot. 
Stored  peas  often  show  a  small  round  hole  where  the  beetle  has  emerged.  Beetles  }/& 
inch  long  with  two  black  spots  on  the  extreme  tip  of  the  abdomen  that  is  exposed 
beyond  the  wing  covers.  Hind  femur  with  a  sharp  tooth  near  apex.  Pea  weevil, 
page  763. 

2.  Similar  to  the  preceding  but  occuring  chiefly  in  broad-beans  in  addition  to  peas. 
The  adult  beetle  smaller,  without  black  spots  on  that  part  of  abdomen  exposed  beyond 
the  wing  covers,  and  the  tooth  near  apex  of  femur  broader  and  more  blunt  than  in  the 
pea  weevil.     Broad-bean  weevil,  page  764. 

3.  Growing  beans  and  peas  attacked  in  the  field  and  in  storage  as  by  the  pea  weevil, 
by  a  smaller,  brownish  beetle  about  }£  inch  long,  and  by  footless  white  grubs  that 
feed  exclusively  inside  the  seeds.  Stored  beans  often  show  many  round  holes  and  fine, 
powdered  frass.  Hind  femur  of  beetle  has  one  large  and  two  small  teeth  near  the  tip. 
Bean  weevil,  page  764. 

4.  Insect  and  injury  similar  to  the  preceding,  but  prefers  cowpeas.  Adult  with  a 
large  dark  spot  on  apex  of  each  wing  cover  and  another  pair  of  spots  near  the  middle 
of  costal  margin  of  wing  covers.     Four-spotted  bean  weevil,  page  765. 

5.  Insect  and  injury  similar  to  H  3,  and  H  4,  but  smaller  and  with  two  prominent 
ivory  white  spots  at  the  middle  of  hind  margin  of  prothorax.  Wing  covers  with  a 
narrow  dark  crossband  at  middle.  Male  with  comb-like  antennae.  Cowpea  weevil, 
page  765. 

A.  HOUSEHOLD  INSECTS 

Ants1 

Importance  and  Type  of  Injury. — There  are  few  insects  which  have 
proved  themselves  more  persistently  exasperating  to  the  housekeeper 
than  ants.  There  are  many  species  of  ants  which  are  sometimes  found 
in  houses.  Everyone  is  familiar  with  the  fact  that  when  ants  have 
invaded  houses,  the  workers  will  be  found  crawling  over  any  food  that  is  j  co 
to  their  liking,  bits  of  which  they  cut  off  and  carry  to  their  nest  (Fig.  153). 
Some  species  also  cause  injury  by  establishing  their  nests  in  the  sills  and 
woodwork  of  old  houses;  but  as  a  rule,  they  do  not  attack  perfectly  sound 
wood.  Other  species  throw  up  mounds  of  earth  about  the  entrance 
to  their  nests,  disfiguring  lawns  and  walks.  Some  species  obtain  a  part  of 
their  food  from  the  sweet,  sticky  honeydew  given  off  from  the  bodies  of 
aphids,  scale  insects,  and  mealy  bugs  and  these  species  may  establish  and 

1  Many  species  of  Order  Hymenoptera,  Family  Formicidse. 
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protect  Colonies  of  these  insects  on  plants  out-of-doors  or  in  greenhouses 

or  residences. 

Food.  The  food  of  ants  is  even  more  varied  than  that  of  man.  To 
list  everything  on  which  they  fee_d  would  require  a  volume  by  itself. 
They  are  fond  of  nearly  every  kind  of  human  food,  and  in  some  parfs-of- 

the  country  become  a  pest  from  their  habit  of  gathering  and  storing 
quantities  of  grains  and  seeds  in  their  nests. 

Distribution. — As  a  group,  world  wide;  certain  species  are  more  abund- 
ant and  annoying  in  some  localities. 

Life  History,  Appearance,  and  Habits. — The  appearance  of  worker  ants 
is  well  known  to  anyone  who  has  ever  kept  his  eyes  open  when  out-of- 
doors.  The  wingless  workers  (Fig.  153,  e)  are  only  one  of  the  forms  that 
occur  in  the  ant  colony.  There  are  always  winged  males  and  females 
(a,d),  at  least  at  certain  seasons.  In  some  colonies,  even  the  worker  caste 
is  divided  into  two  or  three  forms.  Some  of  these  forms,  as  in  the  honey 
ants,  have  abdomens  which  can  be  greatly  distended  and  are  used  as  a 
sort  of  jug  in  wThich  to  store  honey  for  the  colony.  Others,  as  in  some  of 
the  seed-gathering  ants,  have  certain  castes  with  enormously  enlarged 
heads  and  very  strong  jaws  which  serve  as  seed  crackers.  Ants  vary  in 
size  from  the  extremely  small,  reddish  or  brownish  ants,  known  as  Phar- 
aoh's ants,  about  ^2  inch  long,  to  the  large  wood-burrowing  carpenter 
ants,  wrorkers  of  which  are  over  %  inch  long.  Ants,  as  a  group,  can  be 
distinguished  from  other  insects  by  having  one  or  two  wart-like  eleva- 
tions on  the  slender  petiole  that  separates  the  thorax  from  the  large  part 
of  the  abdomen  (Fig.  495). 

A  typical  colony  of  ants  consists  of  from  one  to  several  females,  or 
queens,  whose  duty  it  is  to  lay  eggs;  and  thousands  of  workers.  The 
workers  are  incompletely  developed  females  and  seldom  lay  eggs.  The 
queens  are  cared  for  by  the  workers  and  usually  remain  in  the  inner  cham- 
bers of  the  nest,  seldom  leaving  the  nest  except  at  times  when  the  colony 
may  migrate  to  a  new  location.  From  the  eggs  laid  by  the  females, 
larva?  or  maggots  (Fig.  495,  /)  hatch,  the  majority  of  which  develop  into 
workers  after  going  through  the  pupal  or  resting  stage,  (b),  either  in  a 
cocoon,  or  without  such  protection.  A  certain  percentage,  howrever, 
produce  winged  males  and  females,  the  "kings"  and  "queens"  of  the  ant 
colonies.  At  certain  times  of  the  year,  varying  with  the  species,  these 
winged  males  and  females  leave  the  nest  or  swarm.  Usually  this  occurs 
over  a  wide  area  on  the  same  day  for  any  one  species.  The  males  mate 
and  soon  die.  The  females  fly  to  situations  which  are  attractive  to  them 
as  nesting  sites,  alight,  tear  off  their  wings,  and  make  a  small  nest  where 
they  lay  a  few  eggs.  After  the  eggs  have  hatched,  the  female  feeds  and 
Bares  for  the  young  larva*  until  they  have  become  full-grown.  The  larvae 
of  ants  are  whitish,  helpless,  maggot-like  grubs,  without  legs  and  with 
very  small  heads.     These  larva1  produce  workers;  and,  as  soon  as  the 
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adult  wi»rkns  appear,  they  Btarl  taking  care  <>l"  th<-  queen  and  her  young. 
From  this  time  forward,  the  queen  confines  \wv  activities  entirely  to  <-gg 
laying.  The  queen  may  live  for  12  to  1">  years,  during  which  time  Bhe 
will  produce  many  thousands  of  eggs  arid  may  develop  many  thousands 

of  individuals. 


Fig.  495. — Three  common  and  troublesome  American  ants.  .1,  the  queen  Argentine 
ant,  Iridomyrmez  humilis  Mayr,  after  discarding  her  wings.  The  worst  household  ant 
where  it  occurs  in  the  warmer  parts  of  the  United  States.  Actual  size  of  the  queen,  about 
1 -,  inch  long;  of  the  workers,  from  3^6  to  3^1  inch  in  length.  B,  Worker  of  the  odorous 
house  ant,  Tapinoma  sessile  (Say),  the  commonest  household  ant  over  much  of  the  United 
States.  Length  3-12  to  3^  inch;  black;  with  a  pronounced  "rotten  pineapple"  odor  when 
crushed.  Note  how  the  top  of  the  abdomen  overhangs  the  nodus  of  the  petiole.  C, 
worker  of  the  acrobat  ant,  Cremastogaster  lineolata  (Say),  a  shining  black  species  about  3^ 
inch  long,  that  often  carries  its  pointed  abdomen  turned  up  over  the  rest  of  the  body. 
(From  Woodworth,  Calif.  A<jr.  Exp.  Sta.  Bull.  207.) 


Control  Measures. — The  most  effective  method  of  control  will  vary 
with  the  species.  Most  ants  that  feed  on  sweets  can  be  trapped  and 
killed  by  dipping  small  pieces  of  sponge  in  syrup  and  putting  these  sponges 
in  small  tin  boxes,  such  as  baking-powder  boxes,  with  several  holes 
punched  in  the  lid  with  an  ice  pick  or  a  nail.  These  boxes  can  be  set 
about  the  house  at  points  where  the  ants  are  most  annoying  and  left  in 
place  until  large  numbers  of  ants  have  congregated  in  them  to  feed  upon 
the  syrup.  The  boxes  should  then  be  dropped  in  boiling  water,  recharged 
with  syrup,  and  replaced.  Persistent  use  of  this  method  will  discourage, 
and  usually  clean  out,  moderate  infestations  of  ants. 

One  of  the  best  ant  poisons  is  made  as  follows: 
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Boil  together  tin*  following  materials  for  30  minutes: 

Granulated  sugar 1 '  i  pounds 

Water I '  i  pints 

Tartaric  acid  (crystallised) I  gram 

Bensoate  of  soda I  gram 

Dissolve  Bodium  areenite  in  hot  water  in  the  following  proportions: 

Sodium  arsenite  (c.  p.) K  ounce 

Hot  water 1  fluid  ounce 

When  the  above  solutions  have  cooled,  add  the  second  to  the  first  and  st  ir  well.  Then 
add   -;{  pound  of  strained  honey  to  the  resulting  syrup  and  mix  thoroughly. 

This  poison  should  be  put  out  in  the  same  manner  as  the  syrup  used  for 
flapping  ants;  that  is,  bits  of  sponge  soaked  in  the  syrup  and  placed  in 
perforated  tin  boxes. 

For  the  common  outdoor  ants  which  sometimes  invade  houses  in  the 
northers  states,  the  following  syrup  has  been  found  quite  effective  as  a 
poison. 

Sugar 1  pound 

Water 1  pint 

Arsenate  of  soda 125  grains 

Honey 1  tablespoonful 

Boil  the  first  three  ingredients  until  the  arsenate  of  soda  is  thoroughly  dissolved,  and 

then  add  the  honey. 

In  using  ant  poisons,  remember  that  only  a  small  amount  of  the  poison 
can  be  included  in  the  syrup.  If  large  amounts  of  the  poison  are  used,  the 
ants  will  soon  detect  it  and  cease  to  feed  upon  the  bait.  Where  only  a 
small  amount  of  the  poison  is  used,  the  action  from  it  is  rather  slow, 
and  the  workers  not  only  eat  the  syrup,  themselves,  but  also  carry  it  to 
their  nests  and  feed  it  to  the  queen  and  young. 

Frequently  ants  can  be  driven  out  of  buildings  by  dusting  liberal 
quantities  of  sodium  fluoride  in  the  places  where  they  are  causing 
annoyance. 

Most  of  the  ants  which  invade  houses  have  their  nests  outside  the 
buildings,  usually  in  the  soil.  The  line  of  foragers  can  be  usually  followed 
back  to  the  place  from  which  they  are  coming.  If  the  nest  is  found,  it 
may  be  destroyed  by  liberal  applications  of  carbon  bisulfide.  To  apply 
this  chemical,  punch  holes  in  the  soil  about  the  nest  to  a  depth  of  8  to  12 
inches,  depending  on  the  size  of  the  nest  and  the  species  of  ant.  Into  each 
of  these  holes,  pour  about  1  tablespoonful  of  carbon  bisulfide,  and  cover 
the  top  of  the  hole  with  moist  earth.  Or,  if  several  hills  are  to  be  treated 
in  a  small  area  of  lawn,  a  wet  blanket  or  piece  of  canvas  may  be  used  for 
covering  the  entire  area.  In  using  carbon  bisulfide,  one  must  bear  in 
mind  that  this  chemical  is  inflammable,  and  when  mixed  with  air  highly 
explosive.     All  fire  must  be  kept  at  a  distance. 

Calcium  cyanide,  in  the  dust  form,  may  also  be  used  for  destroying 
ant  nests.     This  is  best  applied  to  holes  made  in  the  soil  in  and  around 
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the  nest.     Several  holes  should  he  made  2  or  'A  inches  apart .     The  calcium 

cyanide  should  be  applied  with  B  tunnel,  a  teaspoonful  to  a  hole,  putting 
it  only  in  the  bottoms  of  the  holes.  If  scattered  over  the  surface  of  the 
ground,  it  is  likely  to  kill  the  grass  or  other  plants.  This  material,  and 
the  gas  from  it,  are  very  poisonous,  and  care  must  he  used  in  handling  it. 

References.— U.  S.  Dept.  Agr.  Farmers'  Bull.  740,  1916;  Wukki.kk,  "Ants,  Their 
Structure  and  Behavior,"  Columbia  Univ.  Press,  1910. 

Argentine  Ants1 

Importance  and  Type  of  Injury. — This  small  ant  (Fig.  495,  A)  is  the 
most  annoying  and  destructive  ant  in  the  parts  of  the  country  where  it 
occurs.  It  has  locally  become  so  abundant  in  parts  of  towns  and  cities  as 
to  make  neighborhoods  undesirable.  The  injury  caused  by  these  ants  is  of 
several  kinds.  They  are  almost  omnivorous,  attacking  all  kinds  of  food, 
and  are  particularly  fond  of  sweets  and  meats.  They  also  cause  serious 
damage  in  citrus  groves  by  attacking  the  blossoms,  and  by  distributing, 
establishing,  and  protecting  from  their  natural  enemies  aphids,  certain 
scales,  and  mealy  bugs. 

Food. — Nearly  all  kinds  of  human  food,  and  honeydew  from  insects. 

Distribution. — This  ant  is  probably  a  native  of  Brazil  and  was 
imported  into  New  Orleans  about  1891.  It  has  now  been  spread  over 
most  of  the  southern  states  as  far  north  as  North  Carolina,  Tennessee, 
and  Arkansas,  and  also  occurs  throughout  the  southern  part  of  California. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  large 
centralized  colonies  which  become  established  in  the  late  fall  in  particu- 
larly favorable  nesting  sites,  such  as  fairly  dry  manure  piles  or  piles  of 
other  decaying  vegetable  matter.  While  all  stages  of  the  ants  may  be 
found  at  this  time  of  the  year,  they  are  relatively  inactive  except  during 
warm  periods.  In  the  spring  the  worker  ants  become  very  active  in 
searching  for  food,  and  at  this  time  are  especially  annoying.  The  dark- 
brown  worker  ants  are  about  }{$  to  \i  inch  in  length,  with  slender  bodies 
and  rather  long  antennae.  The  winged  queens  are  nearly  }i  inch  long. 
The  queens  of  which  there  may  be  several  in  a  central  colony,  lay  eggs 
which  hatch  in  about  20  to  50  days.  The  larvae  require  about  1  month  for 
their  development,  and  the  pupae  15  days.  The  life  cycle,  according  to 
Essig,  occupies  about  80  days. 

Control. — In  communities  where  these  ants  have  become  well  estab- 
lished, it  is  necessary  that  prompt  measures  be  taken  for  control.  The 
method  found  most  effective  in  combating  these  ants  is  the  use  of  the 
poison  syrup  made  as  described  on  page  737. 

This  bait  should  be  exposed  in  small  containers,  such  as  tin  boxes 
containing  a  bit  of  sponge  which  has  been  wet  by  the  syrup,  and  having 

1  Iridomyrmex  humilis  Mayr,  Order  Hymenoptera,  Family  Formicida?. 
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Beveral  boles  punched  is  the  lids,  or  paraffined  paper  bags  lacked  in  trees, 

with  one  or  i  wo  shim  11  holes  in  the  top  of  t  lie  bag  to  permit  t  he  ants  to  have 

aeeess  to  the  BVTUp.  The  persistent  use  of  this  syrup,  put  out  in  a  suffi- 
cient Dumber  of  containers  well  distributed  around  infested  premises,  is 
very  effective  in  cleaning  up  this  ant.  Because  it  is  a  very  weak  poison, 
several  days  will  elapse  before  any  effect  of  the  syrup  is  noticeable.     The 

ants  may  he  quiekly  driven  out  of  infested  premises  by  the  use  of  strong 
poison  syrups,  as  they  detect  and  are  repelled  by  the  poison,  but  the 
rolonies  cannot  be  eradicated  by  such  strong  syrups.  The  ants  do  not 
detect  the  poison  in  the  weakly  poisoned  syrup  recommended,  but  carry 
it  to  their  nests  and  feed  it  to  the  queen  and  young  larva?.  This  eventually 
destroys  most  of  the  colony.  Organized  community  action  is  necessary 
in  order  to  get  any  real  relief  from  this  pest.      (See  also  page  239.) 

References.— U.  S.  Dept.  Agr.  Farmers'  Bull.  1101,  1924;  U.  S.  Dept.  Agr.  Dept. 
Bulls.  647,  1918;  and  965,  1921;  U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  122,  1913. 

Termites1 

Importance  and  Type  of  Injury. — The  presence  of  termites  in  dwellings 
or  other  buildings  is  often  first  indicated  by  swarms  of  winged  "ants" 


Fig.  496. — Termite  queen  with  wings  spread;  about  6  times  natural  size.      {From  III.  State 

Nat.  Hist.  Sur.) 


(Fig.  496)  suddenly  appearing  inside  the  buildings,  often  emerging  from 
holes  in  the  walls,  floor,  or  other  parts  of  the  woodwork.  All  termites 
differ  from  true  ants  in  not  having  a  slender  waist.  Badly  infested  build- 
ings may  suddenly  sag,  due  to  the  weakening  of  the  frame  by  the  feeding 
of  the  termites  on  the  main  timbers.  Occasionally  their  presence  is 
indicated  by  the  breaking  through  of  floors  or  the  cutting  through  of  the 
rugs  or  floor  covering.  Brick  or  cement  foundations  will  have  small 
tunnels  constructed  over  their  surfaces,  of  a  clay  or  cement -like  substance. 
Growing  plants  may  be  eaten  out. 

Food. — The  food  of  termites  consists  of  wood,  or  wood  or  animal 
products. 

Distribution. — Termites  of  various  speeies  occur  in  nearly  all  the 
warmer  parts  of  the  world,  but  are  much  more  numerous  in  the  tropics. 

1  Several  genera  and  species  of  Order  Isoptera.  Family  Termitidas.  ReticutHcrmes 
fiavipes  (Hollar)  is  the  commonest  species  in  the  eastern  United  States. 
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Life  History,  Appearance,  and  Habits.    The  colonies  of  termites,  or 

white  ants,  somewhat  resemble  those  of  the  true  ants  in  their  organizat  ion. 
In  the  termite  colony,  however,  the  male  helps  to  start  the  nesl  and 
remains  with  the  female  or  queen  throughout  life.  The  latter  is  usually 
the  mother  of  the  entire  colony.  In  some  species,  more  than  one  royal 
pair  will  be  found  in  the  colony.  There  are  only  three  stages  in  the 
development  of  the  termites:  first  the  egg;  then  the  immature  or  nymphal 
forms;  and,  finally,  the  adults,  which  are  always  separated  into  several 
different  castes,  such  as  workers,  soldiers,  kings,  and  queens.  They  do 
not  have  larval  and  pupal  stages,  as  the  true  ants  do.     The  so-called 


Fig.  497. — Termites  in  their  galleries  in  sill  of  a  house.     Slightly  enlarged.      (From  III. 

State  Nat.  Hist.  Sur.) 

workers  and  soldiers  in  the  termites  consist  each  of  both  males  and  females. 
The  workers  are  the  destructive  forms  which  are  active  in  foraging  and 
feeding  on  wood  (Fig.  497).  The  winged  true  males  and  females  develop 
within  the  colony,  and  at  certain  times  of  the  year  leave  the  nest  in 
swarms.  Several  such  swarms  may  come  out  from  the  same  nest,  usually 
within  short  intervals  of  time.  Most  of  the  termite  species  swarm  in  the 
spring.  These  males  and  females  differ  greatly  from  the  soft-bodied, 
white,  wingless  workers  and  soldiers.  They  (Fig.  496)  are  black,  rather 
narrow-bodied,  and  possessed  of  rather  long,  very  brittle  wings,  which 
are  broken  off  near  the  base  when  the  kings  and  queens  enter  the  ground 
after  a  single  pairing  flight.  After  leaving  the  nest,  they  separate  in 
pairs  and  select  sites  for  starting  new  colonies.  As  in  the  case  of  ants,  a 
colony  may  endure  for  many  years. 
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Control  Measures.  The  controlling  of  these  insects,  once  they  have 
become  established  in  a  building,  often  means  the  expenditure  of  con- 
siderable money  and  Labor.      If  possible,  the  main  colony  of  the  insects 

should  be  located  and  duu;  up,  and  the  termites  killed  by  thoroughly 
Bpraying  With  kerosene  or  some  other  lijj;ht  oil.  Passageways  thai  lead 
over  the  foundation  walls  of  buildings  should  be  broken  and  1  he  surface 
of  t  he  \\ -all  over  which  t  hese  passages  have  been  running,  should  be  heavily 
treated  with  creosote".  All  woodwork  of  the  buildings,  including  timbers 
or  parts  of  the  frame  work  which  are  badly  eaten 
by  the  ants,  should  be  replaced  with  metal  or 
cement,  or  if  this  is  not  advisable,  with  wood 
thoroughly  treated  with  creosote.  Timbers  that 
have  not  been  seriously  damaged,  but  which  are 
exposed  to  infestation  by  termites,  should  be 
sprayed  with  warm  creosote,  using  a  compressed- 
air  painting  machine  or  other  sprayer  that  will 
apply  this  liquid  with  considerable  force.  To  pre- 
vi  id  infestation  by  these  pests,  great  care  should  be 
taken  to  avoid  having  any  woodwork  of  buildings 
cotning  into  contact  with  the  ground,  as  such  points 
of  contact  are  nearly  always  the  cause  of  build- 
ings' becoming  infested  with  termites.  The  inser- 
tion of  a  thin  sheet  of  metal  between  the  foundation 
and  timbers  of  the  house,  running  all  the  way 
around  and  projecting  about  an  inch  on  each  side, 
will  prevent  infestation  by  these  pests. 

References. — U.  S.  Dept.  Agr.  Farmers'  Bulls.  759,  1916; 
and  1472,  1926;  U.  S;  Dept.  Agr.  Bur.  Ento.  Bull.  94, 
Part  II,  1915;  U.  S.  Dept.  Agr.  Dept.  Bull.  333,  1916;  III. 
State  Nat.  Hist.  Sur.  Entomol.  Ser.  Circ.  11,  1928. 


FlG.  498. — House  cent- 
ipede, Scutigera  forc>  pa 
(Rafincsque).  Adult, 
natural  size.  {From  U.  S. 
D.  A.  Bur.  Entomol.  Circ. 
48.) 


House  Centipede1 

This  creature,  which  is  frequently  encountered  about 
houses,  is  really  beneficial,  causing  no  injury  whatever  to 
stored  products.  It  becomes  annoying  to  some  people  be- 
cause of  its  appearance  and  habit  of  rushing  over  the  walls 
or  floors,  occasionally  toward  a  person,  when  it  is  sud- 
denly   disturbed    by    the    turning    on    of   lights,   or  from 

other  causes.     There  are  a  few  cases  on  record  where  the  centipede  has  inflicted  a 
painful  bite  when  handled. 

In  appearance,  these  creatures  are  of  a  grayish-tan  color,  with  long  antenna' and 
many  extremely  long  legs  extending  out  all  around  the  body  (Fig.  498).  They  move 
so  rapidly  that  it  is  often  difficult  to  get  an  accurate  idea  of  their  appearance.  When 
full-grown,  they  are  from  2  to  3  inches  in  length.  Their  food  consists  of  small  insect-. 
such  as  roaches,  clothe-  moths,  house  flies,  and  other-  which  they  may  encounter 
about  house 

1  Scutigera  forceps  (Rafinesque  .  Class  Chilopoda,  Ramily  Scutigeridse. 
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Unless  they  become  extremely   abundant,  thej   should  no1  be  killed,     In  i 
where  thej  do  become  so  numerous  as  to  prove  annoying,  the  liberal  use  of  pyrethrum 
powder  about  water  pipes,  or  other  damper  parts  of  the  house  frequented  by  the 

centipedes,  will  be  found  effective  in  controlling  them.      They  are  killed  by  fumigat  ion, 
either  with  hydrocyanic  acid  gas  Or  carbon  bisulfide,  but  it  is  rarely,  if  ever,  necee 
to  go  to  this  expense  for  the  control  of  these  creatures. 

Cockroaches 

Importance  and  Type  of  Injury. — These  brown,  brownish-black,  or 
tan,  shiny,  flat-bodied,  foul-smelling  insects  are  well  known  to  almost 
everyone.  They  are  mainly  active  at  night  or  in  dark  basements.  Their 
filthy  habits,  repulsive  appearance,  bad  odor,  and  the  probability  that 
they  may  spread  diseases  make  them  very  objectionable. 

Food. — They  feed  on  many  kinds  of  material,  often  becoming  annoying 
in  houses  by  eating  the  binding  or  leaves  of  books  or  magazines,  the  paper 
covering  of  boxes,  various  food  products  in  pantries,  kitchens,  bakeries, 
restaurants,  and  like  places,  and  by  fouling  with  their  excreta  the  material 
over  which  they  run. 

Distribution. — World-wide;  especially  abundant  in  the  warmer  parts 
of  the  world. 

Life  History,  Appearance ,  and  Habits. — There  are  at  least  three  species 
of  roaches  which  are  common  in  houses  in  the  United  States;  the  small, 
tan,  German  roach,1  about  Yi  incn  l°n&*  (Fig.  499) ;  the  large  black  Oriental 
roach,2  the  females  of  which  are  nearly  wingless  and  about  1  inch  long; 
and  the  large,  brownish-black  American  roach,3  which  reaches  a  length 
of  \y2  inches  (Fig.  499,  a,  b). 

The  life  histories  of  all  species  are  much  the  same.  The  eggs  are  laid 
in  pod-like  or  bean-like  cases  called  ootheca  (g).  For  a  number  of  days 
before  the  eggs  are  deposited,  this  pod-like  case  may  be  seen  protruding 
from  the  abdomen  of  the  female  (/),  as  she  moves  about.  The  small 
roaches  hatching  from  the  eggs  have  much  the  same  appearance  as  the 
adults,  except  that  they  lack  wings.  They  develop  rather  slowly, 
probably  requiring  several  months,  or  more,  to  become  full-grown. 
Cockroaches  hide  in  the  cracks  of  buildings  during  the  daytime,  and 
their  abundance  is  much  greater  than  ordinarily  supposed. 

Control  Measures. — The  most  effective  method  of  controlling  cock- 
roaches, and  one  that  will  practically  always  give  relief,  is  to  dust 
thoroughly  all  parts  of  the  houses  frequented  by  the  insects,  with  sodium 
fluoride.4  This  dust  should  be  applied  in  liberal  quantities  in  the  dark 
corners  of  closets,  at  the  base  of  the  walls  in  basements,  under  sinks, 
around  drain  pipes,  behind  baseboards,  upon  shelves,  or  in  any  cracks 

1  Blattella  gcrmanica  Linne,  Order  Orthoptera,  Family  Blattidse. 

2  Blatta  orientalis  Linne,  Order  Orthoptera,  Family  Blattidse. 

3  Periplaneta  americana  Linne,  Order  Orthoptera,  Family  Blattidae. 

4  Sodium  fluoride  not  to  be  confused  with  sodium  chloride,  or  common  salt. 
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in  the  wall,  where  I  he  cockroaches  are  likely  to  hide.      If  this  treatment 

is  persisted  in,  even  the  most  severe  infestations  may  be  entirely  cleaned 

Up.  The  roaches  do  not  fvvd  on  the  powder,  hut  gel  it  upon  their  bodies, 
and  in  cleaning  their  feet  and  legs,  take  particles  of  the  material  into 
their  mouths,  and  so  become  poisoned.     One  should  hear  in  mind  that, 


Fig.  499. — Cockroaches.  Above  the  American  cockroach,  Paraplancta  americana 
Linne:  a,  dorsal  view;  h,  ventral  view.  Below  the  German  cockroach,  Blattella  german  it sa 
Lin ne,  adults  and  young;  /,  female  with  egg  capsule  protruding  from  tip  of  abdomen;  g, 
egg  capsule.     (From  U.  S.  D.  A.) 


sodium  fluoride  is  poisonous,  and  it  should  not  be  put  out  where  children, 
or  animal  pets,  will  get  it  in  their  food. 

liven  though  all  roaches  have  been  cleaned  out  of  a  house,  the  house 
will  not  remain  free  long  if  other  houses  in  the  immediate  vicinity  are 
infested,  as  these  insects  move  about  quite  freely,  and  actual  migrations 
of  the  insects  from  house  to  house  have  been  noted. 

/.'•/ *.     U.  8,  De-pi.  Agr.  Former*'  Hull.  ti;,s,  mi.Y 


71  \  DESTRl  <  l!\  E  AND  I  8BFI  L  JNSEi  I 

Sn.\  1  ki  [8H1 

Importance  and  Type  of  Injury. — The  bindings  of  books,  papers,  cards, 
boxes  and  the  like  have  the  surface  eaten  off  in  irregular  patches;  the 
paper  on  walls  is  gnawed  or  the  paste  Largely  eaten  off  when-  the  paper  is 
attached   to   the   walls.     Small,   whitish  <»r  grayish-brown,   glistening, 

carrot-shaped  insects,  up  to  '  ■_>  inch  long  (see  Fig.  95),  scurry  rapidly 
about  over  shelves  and  walls  on  exposure  to  light. 

Food. — These  insects  feed  on  a  large  variety  of  materials,  such  as 
starched  clothes,  bindings  of  books,  book  labels,  the  sizing  of  paper,  or 
any  papers  on  which  paste  or  glue  has  been  used. 

Distribution. — General  throughout  the  United  States  and  Canada. 

Life  History,  Appearance,  and  Habits. — The  insects  reproduce  by 
means  of  eggs,  the  young  closely  resembling  the  adults  except  in  size. 
The  full-grown  insect  is  wingless,  about  }i  to  ]_>  inch  in  length,  varying 
with  the  species;  of  a  silvery,  grayish,  or  brownish  color  sometimes 
faintly  spotted.  The  body  tapers  very  markedly  from  head  to  tail,  and 
is  covered  with  thin  scales  which  give  it  a  silvery  shiny  appearance. 
Long,  slender  appendages  protrude  both  from  the  head  and  tail.  The 
length  of  the  life  cycle  will  vary  with  the  species,  but  requires  several 
months  in  any  case. 

Control  Measures. — This  insect  may  be  controlled  by  liberally  dusting 
pyrethrum  powder,  or  sodium  fluoride,  about  the  parts  of  the  houses 
where  they  are  most  abundant.  Fresh  pyrethrum  is  somewhat  better 
than  the  sodium  fluoride  for  the  control  of  this  insect. 

Silverfish  may  also  be  killed  by  the  use  of  poisoned  baits.  A  bait 
found  to  be  quite  effective  by  G.  J.  Spencer  (unpublished  thesis)  consists 
of  sodium  fluoride  12  parts,  in  flour  100  parts  by  weight.  The  poison 
should  be  thoroughly  mixed  with  the  flour  and  then  scattered  about  in 
the  situations  where  the  silverfish  have  been  noticed. 

Reference—  U.  S.  Dept.  Agr.  Farmers'  Bull.  902,  1917. 

Tobacco  Beetle2 

Importance  and  Type  of  Injury. — This  is  the  most  important  insect 
pest  of  tobacco  in  factories  and  cigar  stores,  and  also  causes  considerable 
damage  to  other  products.  Package  and  chewing  tobaccos,  cigars,  and 
cigarettes,  have  holes  eaten  through  the  tobacco  (see  Fig.  18),  and  many, 
small,  light-colored,  brown-headed  grubs  or  brown  beetles  working  in 
the  tobacco.  Upholstered  furniture  often  has  holes  eaten  by  these  grubs 
and  beetles. 

1  Lepisma  saccharina  Linne  and  Tfurtnobia  domestica  (Packard),  Order  Thysanura, 
Family  Lepi&matidse. 

-  Lasioderma  aarricome  Fabricius,  Order  Coleoptera,  Family  AnobiicUe. 


HOUSEHOLD  INSECTS 


745 


Food.     Tobacco  products  and  dried  leaves;  upholstered  furniture, 

materials    used    in    stuffing    furniture,    dried    plant     products,    especially 

those  used  as  drugs,  black  and  red  pepper,  and  many  others. 

Distribution.    Throughout  the  United  States  and  southern  Canada. 
Lift  History i  Appearance ^  and  Habits. — The  adult  hectic  is  rounded 

in  outline,  of  a  very  light-brown  color,  and  only  about  Kg  inch  hi  length. 
The  wing  covers  are  not  striated,  and  the  antenna-  arc  of  the  same 
thickness  from  base  to  tip  (Fig.  500,  c,  d,  e).  The  eggs  are  laid  in  and 
about  the  substances  on  which  the  insects  feed.  The  larva?  are  white, 
curved-bodied,  quite  hairy  little  grubs,  up  to  }  f2  inch  in  length.  Their 
heads  arc  very  lighl  brown.  They  pupate  in  silken  cocoons  covered  with 
bits  of  their  food  material.  The  entire  life  cycle  may  be  passed  in  from 
If)  to  .')()  days  and  there  are  commonly  three  to  six  generations  a  year. 


Fig.  500. — Tobacco  beetle,  Lasioderma  scrricorne  Fabridus.  a,  larva;  b,  pupa;  c, 
adult,  dorsal  view;  d,  adult,  side  view;  e,  antenna.  Enlarged.  Line  indicates  natural  size. 
(From  U.  S.  D.  A.  Farmers'  Bull.  846.) 

Control  Measures. — Infested  tobacco  factories,  warehouses,  or  other 
premises  should  be  thoroughly  cleaned,  removing  all  refuse  material  on 
which  the  beetles  may  be  feeding,  in  cracks  or  behind  boards  or  crevices 
about  the  walls  or  floors.  All  infested  material  should  be  removed,  or 
piled  loosely  in  the  house,  and  fumigated  with  hydrocyanic  acid  gas, 
used  at  the  rate  of  1  ounce  of  sodium  cyanide,  or  the  equivalent  of 
calcium  cyanide,  to  each  100  cubic  feet  of  space.  Fumigation  should  be 
applied  by  the  method  described  on  page  254.  Heating  to  130  to  135° 
F.  is  quite  effective.  The  heat  must  be  applied  long  enough  to  penetrate 
all  parts  of  the  infested  material,  and  then  be  maintained  for  at  least 
three  hours.  Overstuffed  furniture  may  be  freed  of  these  beetles  by 
thoroughly  wetting  it  with  a  good  grade  of  gasoline. 

References.  U.  S.  Dept.  Agr.  Dept.  Bull.  737,  1919,  and  Farmers'  Bull.  846,  1917; 
Furniture  Manufacturer,  Vol.  34,  December,  1927. 


Drug-store  Beetle1 

This  insect  closely  resembles  the  tobacco  beetle  in  its  life  history  and 
habits.      Its  food   is  even   more  varied   than   that    of  the   tobacco  beetle, 

1  Sitodrepa  panicea  (Linn6)  Order  Coleoptera,  Family  Anobiidse. 
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and  includes  practically  all  dry  plant   and  animal   products.      The  adult 

i-  aboul  !  i  o  inch  long,  of  a  reddish-brown  color,  and  densely  covered  with 

very  short  light  hairs.  The  wing  covers  are  plainly  striated,  and  the 
anteiune  enlarged  at  the  end  (Fig.  501,  c,  d,  e).  The  larva  (a)  differs 
from  the  tobacco  beetle  in  being  nearly  bare. 


Fig.  501. — Drug-store  beetle,  Sitodrepa  panicea  (Linne):  a,  larva;  6,  pupa;  c,  adult' 
dorsal  view;  d,  adult,  side  view;  e,  antenna.  Enlarged.  Line  indicates  natural  size- 
(From  U.  S.  D.  A.  Bur.  Entomol.  Bull.  4.) 

Carpet  Beetles  or  Buffalo  Beetles1-23 

Importance  and  Type  of  Injury. — Holes  are  eaten  in  fabrics,  especially 
carpets,  by  dark-brown,  very  hairy  larva?  which  taper  toward  the  tail 
(Fig.  502).  These  larvae  are  about  }i  inch  long.  Some  of  the  species2 
have  a  long  tail  of  black  hairs  (Fig.  503).  There  is  no  webbing  together 
of  the  fabric  nor  silken  threads  spun  over  the  surface  as  is  the  case  with 
clothes  moths.  Small,  blackish,  hard-shelled  beetles  are  often  seen  in 
the  infested  materials.  Most  severe  injury  occurs  in  materials  that  have 
lain  undisturbed  for  some  time. 

Food. — Woolen  goods  of  all  kinds;  sometimes  cotton  goods;  leather, 
bristles,  feathers,  hair,  silk,  dried  insect  specimens,  stuffed  animals,  fur, 
grains,  flour,  and  many  other  animal  and  plant  products. 

Distribution. — Two  of  the  most  destructive  species  of  carpet  beetles 
have  been  imported  from  Europe,  these  being  the  common  carpet 
beetle,1  and  the  black  carpet  beetle.2  These  and  several  other  species3 
occur  generally  in  this  country. 

Life  History,  Appearance,  and  Habits. — Of  the  many  species  of  carpet 
beetles,  or,  as  they  are  sometimes  called,  buffalo  beetles,  which  occur  in 
this  country,  all  have  a  somewhat  similar  life  history.  The  adults  are 
small,  somewhat  oval  beetles,  from  J6  to  J6  inch  in  length.  The  adult 
of  the  common  carpet  beetle,  which  may  be  taken  as  an  example  of  the 
others,  is  about  }£  inch  in  length,  oval  in  outline,  with  irregular  white 
and  red  markings  on  its  black  wing  covers  (Fig.  502,  d).     The  eggs  are 

1  An.thrcuus  scrophularice  Linne,  Order  Coleoptera,  Family  Dermestidse. 

2  Attagenus  piceus  Olivier,  Order  Coleoptera,  Family  Dermestidae. 


Anthrenus  museorum  (Linne),  Anthrenus  verbasci  (Linne)  and  others. 


HOUSEHOLD  INSECTS 


717 


[aid  on  the  food  materials,  and  hatch  in  about  LO  days.  The  young 
larvae  at  first  increase  very  rapidly  in  Bize.  They  molt  from  5  to  11 
times  in  the  course  of  their  growth,  and  the  cast  skins  quite  closely 
resemble,  and  often  are  mistaken  for,  living  larvae  (a).  It  requires  from 
less  than  1  year,  to  as  much  as  :*  years  for  the  Larva  to  complete  its 
growth,  the  Length  of  time  depending  on  climatic  conditions  and  food. 
The  pupal  Btage  (c)  is  white  and  soft,  and  is  passed  inside  the  Larval  skin 


Fig.  502. — The  common  carpet  beetle,  Anthrenus  scrophularice  Linne;  a,  Larva;  f>, 
pupa  within  larval  skin;  c,  pupa  removed  from  larval  skin,  ventral  view;  d,  adult.  All 
enlarged;  lines  indicate  natural  size.      (From  Riley  U.  S.  D.  A.) 

(b)  but  without  the  protection  of  a  cocoon.  This  stage  lasts  a  little  over 
2  weeks.  The  adult  beetles  may  be  found  in  heated  buildings  at  any 
time  during  the  year,  but  are  usually  most  abundant  during  the  spring 
and  summer  months.  They  are  strong,  active  fliers,  and  feed  on  a  great 
variety  of  flowers.  They  frequently  gain  access  to  houses  by  flying 
into  windows,  or  other  openings  in  the  house,  or  may  be  brought  in  on 
bouquets  of  flowers. 


Fig.  503. — The  t>lack  carpet  beetle,  Attagenus  piceus  Olivier;  larva,  five  times  natural 
size.  (From  Hcrrick  "  Insects  Injurious  to  the  Household,"  copyright,  1014,  by  the  Macmillan 
Company.     Reprinted  hy  j><  rmission.) 

Control  Measures.- — All  species  of  carpet  beetles  may  be  controlled  by 
fumigating  with  hydrocyanic  acid  gas,  or  with  carbon  bisulfide,  used  at 
the  strengths  recommended  on  pages  253  to  259.  Paradichlorobenzene 
used  at  the  rate  of  1  pound  to  each  10  cubic  feet  of  space,  will  kill  all 
st  ages  of  the  beetle.  It  is  rat  her  expensive,  however,  to  use  this  material 
at  such  a  strength  in  houses.  Naphthalene  used  at  1  pound  to  10  cubic 
feel  of  space  in  tight  containers  is  also  effective  in  killing  the  beetles. 
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I   edar  chests  will  not    kill  these  i  No  lofifl  from  carpel    heel  I. 

will  take  place  in  goodfl  held  m  Btorage  at  50°  F.,  o/-  lower.  Heating  i" 
135°  F.  for  3  hours,  will  kill  all  stages  of  the  insects,  bu1  care  must  be 
taken  in  using  this  met  hod  that  the  desired  temperature  is  maintained 
in  the  center  of  the  articles  treated  (see  page  2o3). 

Reference,— U.  S.  Dept.  Agr.  Farmers'  Bull.  134G,  1923. 

Clothes  Moths 

Importance  and  Type  of  Injury. — There  are  several  species  of  clothes 
moths  that  are  responsible  for  damage  in  this  country,  the  most  common 
being  the  case-making  clothes  moth,1  the  webbing  clothes  moth,2  and 
the  tapestry  moth.3  Fabrics  injured  by  clothes  moths  have  holes  eaten 
through  them  by  small,  white  caterpillars;  and,  in  most  cases,  the  presence 
of  the  insect  is  indicated  by  silken  cases  or  lines  of  silken  threads  over 
the  surface  of  the  materials.  Materials  left  undisturbed  for  some  time 
or  stored  in  dark  places  are  most  severely  injured  by  these  insects.  Small, 
buff-colored  moths,  not  over  Yi  inch  across  the  wings,  will  be  found 
running  over  the  surface  of  infested  goods  when  such  goods  are  exposed 
to  light,  or  flying  somewhat  aimlessly  about  in  houses  or  closets.  The 
clothes  moths  are  not  attracted  to  lights. 

Food. — The  clothes  moths  feed  on  wool,  hair,  feathers,  furs,  uphol- 
stered furniture  (Fig.  17),  occasionally  on  dead  insects,  milk  powders, 
such  as  casein  and  nearly  all  animal  products,  such  as  bristles,  dried  hair, 
and  leather. 

Distribution. — Clothes  moths  are  distributed  generally  over  the  world. 

Life  History,  Appearance,  and  Habits. — The  adult  "millers"  or  moths 
(Fig.  504,  a)  are  entirely  harmless  and  probably  take  no  food  of  any  sort. 
They  lay  their  eggs  singly  on  the  products  in  which  the  larvae  feed,  each 
female  laying  from  100  to  150  eggs.  Occasionally,  with  some  species, 
the  eggs  may  be  laid  in  groups.  They  are  small,  being  about  one-tenth 
the  size  of  a  pinhead  (}£o  mcn  long),  of  a  white  color,  which  makes  them 
rather  conspicuous  when  deposited  on  black  material.  The  larvae 
(Fig.  504,  b,  c)  which  hatch  from  these  eggs,  are  the  only  stage  of  the 
insect  causing  damage.  They  are  white,  and  vary  in  size  from  about  3^16 
inch  long,  when  first  hatched,  up  to  a  little  over  34  inch  when  full-grown. 
The  length  of  the  larval  period  varies  greatly  according  to  the  conditions 
and  food  supply.  The  complete  development  of  this  stage  may  take 
from  8  weeks  to  nearly  4  years.  The  larvae  of  some  species  live  in  silken 
cases  (6)  which  are  dragged  about  with  them  and  enlarged  as  they  grow. 
Upon  completing  its  growth,  the  larva  adds  to  the  silk  of  the  case  in 
which  it  has  been  living,  forming  a  rather  tough  cocoon.     Within  this 

1  Tinea  pellionella  Linne,  Order  Lepidoptera,  Family  Tineidae. 

2  Tineola  biselliella  Hummel,  Order  Lepidoptera,  Family  Tineidae. 

3  Trichophaga  tapctzclla  Linne,  Order  Lepidoptera,  Family  Tineidae. 
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case  id)  it  changes  to  a  white  pupa,  about  ! ,-,  inch  in  Length.    The  pupa 

later  turns  brown  and  in  .'>  or  A  weeks  the  adult  moth  emerges.  In 
heated  buildings,  the  adults  may  be  found  at  any  time  of  the  year,  but 
are  most  abundant  during  the  summer  months. 

Control  Maisun  s.  ( Jlotning  which  is  in  daily  use  is  practically  never 
infested  by  the  clothes  moths.  It  is  highly  important  that  clothing,  or 
other  fabrics  placed  in  storage,  should  be  free  from  moths.  To  insure 
this,  such  clothing  should  be  thoroughly  brushed  and  shaken  and  hung 
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Fk;.  504. — The  case-making  clothes  moth,  Tinea  pcllionella  Linne,  a,  adult :  h,  larva  in 
:  c,  larva  removed  from  its  case;  d,  cocoon  enclosing  pupa.     About  seven  times  natural 
size.      (From  Ohio  Agr.  Exp.  Sta.  Bull.  253.) 


>ut-of-doors  in  the  bright  sun  for  several  hours  before  being  packed  away. 
If  placed  in  trunks  or  boxes,  clothing  may  be  protected  from  infestation 
py  scattering  naphthalene  flakes  through  the  box  or  trunk  at  the  rate  of 
I  pound  to  10  cubic  feet  of  space.  Paradichlorobenzene  used  in  the  same 
vay,  will  also  give  complete  protection,  and  will  kill  any  larvae  or  other 
Stages  of  the  insect  which  may  have  been  in  the  material  wdien  it  was 
)laced  in  storage. 

Carbon  bisulfide  may  be  used  for  fumigating  infested  material  and 
vill  kill  all  stages  of  the  insects.  To  insure  completely  freeing  clothing  of 
ttoths  with  this  material,  a  second  fumigation  should  be  given  about  3 


750 


DESTRl  ("I  l\  E    iND  USEFl  L  INSECTS 


weeks  alter  tho  first.  Fumigation  with  hydrocyanic  acid  gas,  at  the  rate 
of  1  ounce  to  each  LOO  cubic  feet  of  space  is  also  effective  in  controlling 
this  insect  (see  directions  for  fumigating  on  pages  253  to  259). 

Tight-fitting  cedar  chests  will  protect  clothing  from  attacks  of  the 
clothes  moths  and  will  kill  larva1  hatching  from  the  eggs  within  the  chest. 
However,  partly  grown  larva?  placed  in  such  chests  may  complete  their 
development  and  cause  considerable  damage.  Heating,  as  recom- 
mended for  the  carpet  beetle,  will  kill  all  stages  of  the  clothes  moths.  No 
damage  to  clothing  will  occur  if  kept  in  cold  storage  at  45°  F.,  or  lower. 

References.  — U.  S.  Dept.  Agr.  Farmers    Bull.  1353,  1923;  U.  S.  Dept.  Agr.  Depi. 
Bull.  1051,  1922;  Furniture  Manufacturer,  Vol.  35,  No.  1,  n.  s.,  January,  1928. 

Larder  Beetle1 

Importance  and  Type  of  Injury. — Very  hairy,  brown  larvae  (Fig.  505),  tapering 
towards  both  ends  of  the  body,  feed  on  meats  and  animal  products  of  nearly  all  kinds. 
Food. — Feathers,  horn,  skins,  hair,  beeswax,  ham,  bacon,  dried  beef,  and   like 
products. 

Distribution. — World-wide. 

Life  History,  Appearance,  and  Habits. — The  adult  beetles  are  about  %  inch  long, 
of  a  very  dark  brown  color,  and  with  a  moderately  wide  yellowish  band  across  the 

front  part  of  the  wing  covers.  There  are  six 
black  dots  in  this  band,  three  on  each  wing  cover, 
usually  arranged  in  a  triangle  (Fig.  505).  The 
eggs  are  laid  on  the  food  or  in  sheltered  places 
near-by.  The  larvae,  on  hatching,  increase  rapi<  lly 
in  size.  They  feed  chiefly  near  the  surface  of 
the  infested  materials  and  become  full-grown  (a 


Fig.  505. — The  larder  beetle,  Dermestes  lardarius  Linne.  a,  larva;  /),  adult.  About 
four  times  natural  size.  (From  Herrick,  "Insects  Injurious  to  the  Household,"  copyright, 
1914,  by  the  Macmillan  Company.     Reprinted  by  permission.) 

little  over  }4  inch  long)  in  40  to  50  days.  Pupation  takes  place  in  the  larval  skin. 
The  exact  number  of  generations,  and  some  details  regarding  the  length  of  the  stages, 
are  not  known.  The  adult  beetles  will  occasionally  be  found  in  numbers  out-of-doors 
on  flowers,  where  they  feed  on  pollen. 

Control  Measures. — Smoked  meats  kept  in  farm  storehouses,  should  be  carefully 
sacked  or  wrapped  in  paper,  muslin,  or  other  cloth  immediately  after  smoking,  care 
being  taken  that  the  entire  piece  of  meat  is  covered  and  no  openings  or  cracks  left 
through  which  the  beetles  may  gain  access  to  the  meat.     Smoked  meats  held  in  cold 


1  Dermestes  lardarius  Linne,  Order  Coleoptera,  Family  Dermestidse. 
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Btorage  will  not  become  infested,  [f  meat  Btorerooms  or  larders  become  infested, 
they  should  be  heated  to  130  to  135'  P.  for  3  hours,  or  fumigated  with  carbon  bisulfide 
or  hydrocyanic-acid  gas.  All  meal  in  the  storeroom  should  be  removed  before 
treatment  is  applied  and  (he  infested  pints  of  such  meat  should  be  carefully  trimmed 

off  and  burned. 

References.  -U.  S.  Depi.  Agr.  Div.  Entomol.  Bull.  1,  n.  s.,  p.  107,  1902;  Canadian 

Entomol,  Vol,  88,  p,  68,  1910;  Hbrrick's  "Household  Insects,"  p.  272,  1921. 

Cheese  Skipper1 

Importance  and  Type  of  Injury. — Small,  naked,  yellowish  maggots  crawling  in  and 

over  cheese  or  meat  (Fig-  506),  or  jumping  for  short  distances  by  bending  their  bodies 
nearly  double  and  then  suddenly  straightening  them. 


Fig.  506  — The  cheese  skipper,  Picphila  casei  (Linne) ;  eggs,  larvae  or  "skippers,"  pupae  and 
adult  flies,      lour  times  natural  size.      (From  E.  0.  Essig,  University  of  California.) 


Food. — Cheese  and  meats. 

Distribution. — World-wide;  probably  imported  into  this  country. 

Life  History,  Appearance,  and  Habits. — The  adult  insects  are  small,  rather  shiny, 
two-winged  flies,  a  little  less  than  %  inch  in  length  (Fig.  506).  They  lay  their  eggs 
in  clusters  of  about  50,  although  occasionally  depositing  a  single  egg.  The  eggs  hatch 
in  about  36  hours  into  small  fleshy  maggots  which  are  legless  and  taper  towards  the 
head  end.  They  are  yellowish-white  in  color,  and  about  Y^  inch  in  length  when  full- 
grown.  These  larvae  may  complete  their  growth  in  1  week.  They  then  change  to  a 
very  light-brown  puparium  and  remain  in  this  stage  for  about  1  week  to  10  days. 
The  entire  life  cycle  may  be  passed  in  3  weeks. 

Control  Measures. — Infested  portions  of  cheese  or  ham  should  be  cut  away  and 
burned.  Where  cheese  is  stored,  care  should  be  taken  that  the  grubs  are  kept  out  of 
the  storeroom  by  tightly  closing  all  openings  or  by  using  very  fine  screen  or  (doth  to 
protect  windows  open  for  ventilation.  Frequent  examinations  should  be  made  of 
cheese  in  storage  to  see  that  no  infestation  has  started.  Bandages  used  for  covering 
cheeses  should  be  kept  as  firm  and  smooth  over  the  cheese  as  possible.  Where 
serious  infestations  have  started  in  Btorerooms,  they  should  be  Fumigated  with  hydro- 

1  Piopkila  casei  (Linne*),  Order  Diptera,  Family  Piophilidse. 
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c  \  .line  acid  »;is  01  thoroughly  cleaned  out ,  and  t  lie  \s  all.-  ami  rut  ire  room  wa>hed  M  it  h 
Very  Strong  soap  suds,  using  the  BOap  it  t  la-  rate  of  3  to  I  Ounces  to  t  he  gallon  of  water. 
Tin'   water  should   DC  BJ   hot    as  possible  while   the  u  ashing  is  done.      Screens   uith  a 

mesh  larger  than  'M)  to  the  inch  will  not  prevent  the  entrance  of  these  flies.     Ch< 

held  in  storage  at   temperatures  below    -l.'i"  I'',  u  ill  not   he  Infested  by  I  he  cheoe  >kippei  . 

References.— U.  8.  Dept.  Ayr.  Dept.  Bull.  1453,  1927;  Calif.  Ayr.  Exp.  Sta.  Bull. 
343,  1922. 

(  iikkse,  Ham,  am)  Flour  Mites1 

There  are  a  number  of  species  of  mites,   which  are  creatures  closely   related   to 
spiders,  that  infest  ham,  cheese,  Hour,  and  other  food  products.     They  are  all  of  a 

whitish  color,  and  so  small  as  to  be  barely 
discernible  to  the  naked  eye  (Fig.  507). 
They  vary  in  size,  the  largest  being  only 
about  Yi2  inch  long.  When  they  are 
abundant,  a  musty,  sweetish  odor  is  given 
off  by  the  infested  products,  which  is  quite 
characteristic.  Occasionally  a  rather  in- 
tense irritation  of  the  skin  is  caused  by  the 
mites  where  one  has  been  handling  food 
products  infested  by  them.  This  has  re- 
ceived the  descriptive  name  of  grocer's  itch 
(see  page  848). 

The  mites  reproduce  by  means  of  eggs, 
which  are  laid  promiscuously  over  the  food 
materials.  The  young  mites  grow  rapidly, 
being  six-legged  at  first,  but  eight-legged 
on  becoming  adults.  When  conditions  are 
unfavorable,  the  mites  pass  into  a  semi- 
resting  stage,  known  as  the  hypopus.  In 
this  stage  the  body  wall  hardens,  the  legs 
are  largely  withdrawn  within  the  wall,  and 
no  feeding  takes  place.  The  mites  may 
remain  in  this  condition  for  a  number  of 
months  without  food,  but  when  conditions 
become  favorable  to  their  growth  they  molt 
and  again  become  active.  This  peculiar 
adaptation  enables  them  to  survive  for  considerable  periods,  and  for  this  reason 
premises  once  infested  are  often  difficult  to  clean  up. 

Control  Measures. — All  infested  materials  should  be  carefully  gone  over,  and  that 
which  shows  serious  injury  discarded.  Infested  parts  of  hams  or  cheeses  should  be  cut 
off  and  burned.  Storerooms  should  be  thoroughly  fumigated  with  sulfur,  using  the 
sulfur  at  the  rate  of  2  to  3  pounds  per  1,000  cubic  feet.  In  rooms  where  the  oil  is  not 
objectionable,  the  walls,  floor,  and  ceilings  should  be  sprayed  with  some  light  oil, 
such  as  gasoline  or  a  deodorized  kerosene.  As  the  mites  thrive  best  wrhere  the  humid- 
ity is  rather  high,  keeping  storerooms  as  dry  as  possible  will  tend  to  prevent  infestation. 
It  has  been  found  that  the  mites  cannot  live  for  any  length  of  time,  except  in  the 
hypopus  stage,  where  the  humidity  is  less  than  11  per  cent.  However,  when  mites  are 
working  on  food,  they  give  off  moisture  wrhich  often  raises  the  humidity  to  a  point 

1  Tyroglyphus  siro  Linne,  Tyroglyphus  farina  De  Geer,  and  Tyroglyphus  longior 
Gerv.,  Order  Acarina,  Family  Tyroglyphidae. 


Fig.  507. — Cheese  or  ham  mite,  Tyrogly- 
phuasp.  Greatly  magnified.  {From  Minn. 
Agr.  Exp.  Sta.  Bull.  198.) 
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Eavorable  to  their  development.     Hydrocyanic  acid  ^;t>  ia  Baid  nol  to  !><■  effective  for 
the  rout rol  of  i heee  mites. 

References.  Minn.  Agr.  Exp.  Sta.  Butt.  198,  1921;  r.  ,s\  Dept.  Agr,  Div.  Entomol 
Butt.  I.  n.  s.,  1902;  Insect  Life,  Vol.  1.  p.  170. 

B.   INSECTS  ATTACKING  STORED  GRAIN,  SEEDS,  AND  GRAIN  PRODUCTS 
Granary  Weevil1  and  Rice  Weevil2 

Importance  and  Type  of  Injury. — These  two  true  weevils  (Fig.  508) 
are  perhaps  the  most  destructive  grain  insects  in  the  world.  They  fre- 
quently cause  mIii lost  complete  destruction  of  grain  in  elevators,  in  farm- 


Fro.  508. — Above,  the  granary  weevil,  Sitophilus  granaries  (Linne),  adult  beetle  about 
eleven  times  natural  size.  Below,  the  rice  weevil,  Sitophilus  oryzai  (Linne),  about  twelve 
times  natural  size.      {From  III.  State  Nat.  Hist.  Sur.) 

ers'  bins,  or  on  ships  where  conditions  are  favorable  to  their  growth  and 
the  grain  is  undisturbed  for  some  length  of  time.  Infested  grain  will 
usually  be  found  to  be  heating  at  the  surface,  and  may  be  damp,  some- 
times to  such  an  extent  that  sprouting  occurs.  Many  small  brown 
beetles,  with  distinct  snouts  projecting  from  their  heads,  will  be  found 
working  over  and  in  the  grain.  The  kernels  of  grain  are  eaten  out  or 
contain  small,  legless,  fat-bodied,  white  grubs  feeding  on  the  interior. 

Food. — Wheat,  corn,  macaroni,  oats,  barley,  sorghum,  kaffir  seed, 
buckwheat,  and  other  grain  and  grain  products. 

Distribution. — The  granary  weevil  is  probably  not  native  to  North 
America.  The  rice  weevil  is  supposedly  a  native  of  India.  Both  species 
have  been  distributed  all  over  the  world  in  shipments  of  grain. 

Life  History,  Appearance,  and  Habits. — The  adult  granary  weevil  is  a 
somewhat  cylindrical  beetle,  about  \§  inch  in  length.     It  is  dark  brown, 

1  Sitophilus  granaria  (Linn6),  Order  Coleoptera,  Family  CurculionidsB. 
1  Sitophilus  oryzce  (Linn6),  Order  Coleoptera,  Family  Curculionidffi. 
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or  aearly  black  in  color,  with  ridged  wring-covers,  and  a  prolonged  snout 
extending  downward  from  in  fronl  of  the  bead  for  a  distance  of  aboul 

one-fourth  the  length  of  the  body.  The  rice  weevil  has  much  the  same 
general  appearance,  although  on  the  whole  it  will  average  somewhat 
smaller.  There  are  usually  two  patches  of  somewhat  lighter,  yellowish 
color  on  the  front  and  back  of  each  wing  cover.  A  distinguishing  mark  is 
in  the  shape  of  the  small  shallow  pits  on  the  prothorax  of  the  beetles:  in 
the  rice  weevil  these  are  round  (Fig.  508,  lower  figure),  in  the  granary 
weevil  (upper  figure)  they  are  oval. 

The  female  weevil  chews  slight  cavities  in  the  kernels  of  grain  or  in 
other  foods,  and  there  deposits  small  white  eggs,  one  in  a  cavity.  The 
eggs  hatch  in  a  few  days  into  soft,  white,  legless,  fleshy  grubs  which  feed 
on  the  interior  of  the  grain,  hollowing  it  out,  and,  on  becoming  full-grown, 
are  about  J£  inch  in  length.  They  change  to  naked  white  pupae  and  later 
emerge  as  adult  beetles.  The  entire  life  cycle  may  be  passed  under  favor- 
able conditions  in  from  6  to  7  weeks.  In  Kansas,  there  are  from  four  to 
five  generations  of  the  insect  each  season.  The  rice  weevil  has  well 
developed  wings,  and  frequently  flies,  especially  during  periods  of  high 
temperature.  The  granary  weevil  has  the  wing  covers  somewhat  grown 
together,  and  is  unable  to  fly.  In  other  respects,  the  two  insects  closely 
resemble  each  other  in  their  life  histories  and  will  very  frequently  be 
found  associated  and  working  together  in  the  same  bins. 

Confused  Flour  Beetle1 

Importance  and  Type  of  Injury. — This  insect  is  one  of  the  most  com- 
mon occurring  in  situations  where  grain  products  are  stored.  It  is  one 
of  the  most  annoying  pests  in  retail  grocery  stores  and  warehouses. 
Infested  material  will  show  many  elongate,  reddish-brown  beetles,  about 
J^7  inch  long  (Fig.  509),  crawling  over  the  material  when  it  is  disturbed; 
and  brownish-white,  somewhat  flattened,  six-legged  larvae  feeding  on  the 
inside  of  the  grain  kernels  and  crawling  over  the  infested  seeds.  They  are 
generally  known  among  millers  as  "bran  bugs." 

Food. — This  insect  feeds  on  a  great  variety  of  products,  including  all 
kinds  of  grains,  flour,  starchy  materials,  beans,  peas,  baking  powder, 
ginger,  dried  plant  roots,  drugs,  snuff,  Cayenne  pepper,  and  many  other 
foods. 

Distribution. — The  insect  was  first  noted  in  this  country  in  1893.     It 

is  now  known  to  occur  throughout  the  world. 

1  Tribolium  confusum  Duval,  Order  Coleoptera,  Family  Tenebrionidre.  The  rust- 
red  flour  beetle,  Tribolium  ferrugineum  (Fabricius),  is  very  similar  to  the  confused 
flour  beetle.  The  two  may  be  distinguished  in  the  adult  stage  by  the  following  dif- 
ferences: the  confused  flour  beetle  has  the  antennae  gradually  enlarged  toward  the  tip, 
the  rust-red  flour  beetle  suddenly  enlarged  at  the  tip;  the  margin  of  the  head  is  notched 
at  the  eyes  in  the  confused  flour  beetle,  and  not  so  notched  in  the  other  species.  The 
rust-red  species  seems  to  be  less  common. 
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Life  History,  Appearance,  and  Habits.     The  adult  hectics  are  very 

active,    moving   rapidly    when    disturbed.      The    very   small,    clear    white 

eggS  are  laid  Oil  sacks,  in  cracks,  or  directly  on  the  food  material.      Th< 

hatch  in  5  days  into  small  brownish-white  worms,  which  become  full- 
grown  in  one  mont  h  and  are  1  hen  ahout  j  (i  inch  in  lengt  h.  They  change 
to  white,  naked  pupae,  remaining  in  1  his  stage  for  3  to  5  days.  A  complete 
generation  is  passed  in  3  to  4  months  when  the  temperature  is  high. 

ruder  Kansas  conditions,  four  or  five  generations  occur  annually  in 
heated  store  houses  or  mills.  All  stages  of  the  insect  may  be  found  at 
any  time  of  the  year  in  such  buildings. 


1  i 

(I 

it 

Fig.  509. — The  confused  flour 
beetle,  Tribolium  confusum  Duval. 
Adult,  about  fourteen  times  natural 
size.     {From   III.    State   Nat.    Hist. 

Sur.) 


Fig.  510. — The  saw-toothed  grain  beetle,  Oryzac- 
philus  surinamensis  (Linne) :  a,  adult ;  b,  pupa ;  c 
larva.  Lines  indicate  natural  size.  (From  U.  S, 
D.  A.) 


Saw-toothed  Grain  Beetle1 

Importance  and  Type  of  Injury. — Infested  material  will  show  many 
very  slender,  much  flattened,  small,  dark-red  beetles  hurrying  over  the 
surface  of  the  food.  Feeding  consists  of  scarring  and  roughening  of  the 
surface  of  the  food,  and  of  eating  holes  through  it,  as  is  the  case  with 
the  granary  weevils. 

Food. — As  with  the  confused  flour  beetle,  this  insect  feeds  on  a  great 
variety  of  products  including  practically  all  grains  and  grain  products, 
dried  fruits,  breakfast  foods,  nuts,  seeds,  yeast,  sugar,  candy,  tobacco, 
snuff,  and,  in  fact,  almost  all  plant  products  used  for  human  food. 

Distribution. — Throughout  the  world. 

Life  History,  Appearance,  and  Habits. — The  adult  beetles  (Fig.  510,  a) 
are  dark-brown,  flattened,  slender  insects,  about  3^o  iQcn  long.     When 

1  Oryzacphilus  surinamensis  (Linne),  Order  Coleoptera,  Family  Cucujidao. 
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examined  under  a  Ions,  six  saw-tooth-like  projections  will  be  seen  on  each 
Bide  of  the  thorax.  The  eggfl  are  laid  on  and  near  the  food  and  hatch  in 
about  1  week.  The  larva)  (c)  are  brown-headed,  elongated,  white,  six- 
legged  grubs.  They  feed  for  nearly  3  weeks,  then  form  a  protective  cover- 
ing by  sticking  together  small  bits  of  the  food  material.  When  full- 
grown,  the  larva?  are  about  }£  inch  in  length.  They  remain  in  tin- 
pupal  stage  (6)  for  from  6  to  12  days,  emerging  at  the  end  of  this  time  as 
adult  beetles.  There  an4  from  four  to  six  generations  annually  through- 
out most  of  the  United  States.  It  is  possible,  under  very  favorable  con- 
ditions, for  the  entire  life  cycle  to  be  passed  in  from  24  to  30  days. 

Reference. — Jour,  A  (jr.  Research,  Vol.  33,  pp.  435  to  452,  1926. 


Fig.  511. — Yellow  meal  worm,  Tenebrio  molitor  Linne;  A,  larva)  about  twice  natural  size ;  B, 
female  adult,  two  and  one-half  times  natural  size.      (From  Kans.  A(jr.  Exp.  Sta.  Bull.  189.) 


Meal  Worms1 

Importance  and  Type  of  Injury. — Yellowish  to  brown,  smooth,  shiny- 
bodied  worms,  closely  resembling  wire  worms,  and  large  black  beetles  up 
to  1  inch  long,  feeding  in  and  around  grain  bins,  particularly  where  the 
grain  has  not  been  disturbed  for  some  time. 

Food. — Cereals  and  cereal  products,  including  meal,  bran,  and  some 
other  food  products. 

Distribution. — The  insects  are  natives  of  Europe.  They  are  now 
distributed  throughout  the  world. 

Life  History,  Appearance,  and  Habits. — The  adults  of  the  two  meal 
worms  rather  closely  resemble  each  other.     They  are  black  to  nearly 

1  Tenebrio  molitor  Linno,  and  Tenebrio  obscurus  Fabricius,  Order  Coleoptera, 
Family  Tenebrionidae. 
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black  beetles,  robust,  flattened,  Bomewhal  Bhining,  from  Vi  to  nearly  I 
inch  in  length  (Fig.  511,  B),  The  female  deposits  her  eggs  singly  or  in 
clusters  in  the  food  materials.  The  eggs  hatch  in  from  l  to  3  weeks  into 
white  Larva  which  become  yellow  in  color  as  they  grow.  When  full- 
grown,  they  arc  1  to  1)4  inches  in  length,  and  very  closely  resemble; 
wireworms  in  appearance  (A).  The  larval  period  usually  requires  from 
6  to  9  months.  The  pupal  Stage  is  white,  and  is  passed  without  any 
cocoon  or  protective  covering.  The  two  species  of  meal  worms  can  Ik; 
separated  only  by  a  careful  examination,  and  have  practically  the  same 
life  history  and  habits.  They  are  always  most  abundant  in  damp 
grains,  or  grain  products  that  have  remained  undisturbed  for  some  time. 

Cadelle1 

Importance  and  Type  of  Injury. — This  insect  is  sometimes  very 
important  as  a  pest  of  stored  grains;  but  is  also,  to  some  extent,  a  feeder 
upon  other  insects.  When  abundant,  however,  it  becomes  seriously 
destructive  in  grain  bins.  It  also  causes  damage  in  flour  mills  by  cutting 
holes  in  flour  sacks,  silk  bolting  cloth,  and  other  silk  cloth  used  in  the 
machinery. 


In;.  512. — The  cadelle,  Tenebroides  mauritanicus  Linne.  A,  adult  beetle,  three  times 
natural  size;  B,  larvae  about  twice  natural  size;  C,  larva  coated  with  flour,  about  twice 
natural  size.      (From  Kans.  Agr.  Exp.  Sta.  Bull.  189.) 


Food. — The  insect  is  a  general  feeder  on  stored  grains  and  seeds.  It 
usually  attacks  the  embryo,  eating  out  only  the  softer  parts  of  the  grain. 
While  it  will  often  kill  and  feed  upon  other  insects  with  which  it  comes  in 
contact,  its  general  habits  are  not  those  of  a  predaceous  insect. 

Life  History,  Appearance,  and  Habits. — This  insect  is,  next  to  the 
meal  worms,  the  largest  of  those  attacking  stored  grains.  The  adult 
beetle  (Fig.  512,  A),  is  black,  or  nearly  black,  \i  to  \  _>  inch  in  Length, with 
the  head  and  prothorax  distinctly  separated  from  the  rest  of  the  body,  to 
which  it  is  attached  by  a  rather  loose,  prominent  joint. 

1  Tenebroides  mauritanicus  Linne,  Order  Coleoptcra,  Family  Ostomids. 
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The  eggs  arc  laid  on  or  Dear  the  food,  by  preference  in  cracks,  under 

flaps  of  cartons,  or  in  sonic  such  protected  situation,  commonly    being 

deposited  in  groups  of  10  to  80.  The  larv;e 
that  hatch  from  these  eggs  (Fig.  512,  H)  are 
iather  soft-bodied,  white  to  grayish-white  in 
color,  with  prominent  black  heads,  black  spots 
on  the  first  segment  of  the  thorax,  just  behind 
the  head,  and  two  short  dark  hooks  at  the  rear 
end  of  the  body.  They  are  about  %  inch  long 
when  full-grown.  Under  favorable  conditions 
the  larvae  may  complete  their  development  in 
from  70  to  90  days;  others  require  from  7  to  14 
months.  Full-grown  larvae  and  adults  have  the 
habit  of  boring  into  wood,  adjoining  the  grain 
on  which  they  have  been  feeding.  The  pupa 
stage  is  passed  in  such  cavities  or  in  other 
secluded  places.  Female  adults  commonly 
live  for  a  year,  and  some  specimens  have  been 
kept  alive  from  15  to  22  months. 

Reference— U.  S.  Dept.  Agr.  Dept.  Bull.  1428,  1926. 

Angoumois  Grain  Moth1 

Importance  and  Type  of  Injury. — Grain  in 
bins  or  ear  corn  in  storage  has  small  buff  moths 
flying  about  the  bins  or  crawling  rapidly  over 
the  surface  of  the  grain  when  it  is  disturbed. 
One  or  two  small  round  holes  eaten  in  the 
kernels  of  infested  corn  (Fig.  513)  or  in  other 
grain.  This  insect  is  the  most  destructive  grain 
moth  occurring  in  this  country,  and  occasion- 
ally attacks  grain  in  the  field  before  it  is 
harvested.  It  is  extremely  bad  in  the  South, 
causing  great  damage  to  corn  in  cribs. 

Food. — Wheat,  corn,  and  other  grains. 

Distribution. — The  insect  received  its  name 

hJX  fnfesTedVtheA'n11-  from  havinS  been  first  sported  as  injurious  in 

goumois  grain  moth,  Sitotroga  the  Province  of  Angoumois,  France,  about  1736. 

ZZ£XE*Zk  &°motL*  "  was  imported  to  America  many  years  ago, 

Reduced  one-half.    {From  ill.  although  the  exact  date  is  not  known.     It  is 

state  Nat.  Hid.  Sur.)  nQw  distributed  throughout  the  United  States. 

Life  History,  Appearance,  and  Habits. — The  adult  insect  is  a  rather 
delicate  moth,  about  Yi  inch  in  length,  of  a  buff  color.     The  hind  wings 
1  Sitotroga  cerealella  Olivier,  Order  Lepidoptera,  Family  Gelechiida?. 
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are  uniformly  light  gray,  with  a  heavy  fringe  of  hairs;  and  the  membrane 
is  prolonged  at  i  he  apical  angle  like  a  thumb  or  finger.  The  female  mot  ha 
lay  from  60  to  90  eggs,  singly,  or  in  clusters  of  as  many  as  20,  on  the 
mains  where  the  larva4  feed.  Where  the  insects  arc  working  out-of- 
doors,  the  eggs  are  attached  to  wheat  heads  in  the  field  or  to  the  grain 
in  the  shock.  They  hatch  in  from  7  to  10  days,  and  the  worm-like  larva- 
at  once1  burrow  into  the  kernels  or  berries  of  the  grain,  feeding  upon  the 
st  archy  parts  of  the  kernel.  In  wheat,  usually  only  one  larva  is  found  in 
a  kernel,  although  several  may  find  sufficient  food  in  one  kernel  of  corn. 
When  full-grown  the  larvae  are  about  Y  inch  long,  white  in  color,  with 
yellowish  heads,  six  true  legs,  and  four  pairs  of  prolegs.  They  then  spin 
a  thin  silken  cocoon  within  the  grain  and  there  change  to  the  pupal  stage. 
The  adult  moth  emerges  through  a  small  round  hole  in  the  seed  coat. 
The  larval  stage  lasts  from  20  to  24  days  and  the  entire  life  cycle  may  be 
passed  in  about  5  weeks.  In  unheated  buildings,  there  are  probably  two 
generations  a  year  in  the  latitude  of  Kansas  and  central  Illinois.  In  the 
warmer  parts  of  the  South,  as  many  as  six  generations  occur  annually. 
In  heated  buildings,  such  as  storehouses  or  mills,  breeding  is  continuous 
throughout  the  year. 

References. — U.  S.  Dept.  Agr.  Farmers'  Bull.  1156,  1920;  Jour.  Econ.  Entomol.  Vol. 
11,  p.  87,  1918. 

Mediterranean  Flour  Moth1 

Importance  and  Type  of  Injury. — The  Mediterranean  flour  moth  is, 
without  much  question,  the  most  troublesome  insect  occurring  in  flour 
mills  in  this  country.  Where  this  insect  is  present,  masses  of  flour  in 
shoots  and  elevators  will  be  found  webbed  together  and  containing  small 
pinkish-white  caterpillars.  The  shoots  may  become  entirely  clogged 
and  the  machinery  stopped  by  these  webbed  masses  of  flour.  Small 
gray  moths  will  also  be  noted  flying  about  the  infested  buildings. 

Food. — Flour  is  the  favorite  food  of  the  insect,  but  it  will  attack  also 
the  whole  grain  of  wheat,  bran,  breakfast  foods,  corn,  and  other  grains. 

Distribution. — The  insect  was  first  reported  in  North  America  in  1889, 
when  it  was  found  in  Canada.  It  has  now  spread  throughout  the 
United  States  and  Canada,  and  probably  throughout  most  of  the  world. 

Life  History,  Appearance,  and  Habits. — The  adult  moth  (Figs.  514, 
B,  C,  D)  is  of  a  pale-gray  color,  and  is  a  little  less  than  Yi  inch  long.  The 
head  and  tail  are  slightly  raised  when  the  insect  is  resting,  this  being 
quite  characteristic.  The  wings  are  marked  with  two  zigzag  lines  of 
black  which  are  not  prominent.  The  eggs  are  laid  in  accumulations  of 
flour  or  (»t  her  foods,  or  in  cracks  about  buildings,  or  on  the  cloth  in  spouts 
or  bolters  in  mills.  They  hatch  in  from  3  to  6  days,  depending  on  the 
temperature.     The     caterpillars     immediately     begin     spinning    silken 

1  Ephcxtia  kiuh/iirlbi  ZHlcr,  Order Lepidoptera,  Family  Pyralididse. 
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threads  which  form  into  little  tubes  in  which  they  live  and  feed.  It  if 
this  wrh  spinning  that  causes  the  greatest  amount  of  damage  by  the 
insect.  The  oaterpillars  when  full-grown  are  about  %  inch  long,  of  a 
genera]  whitish  to  pinkish  color  (Fig.  514,  A).  They  pupate  in  silken 
cocoons,  this  stage  lasting  from  8  to  12  days.  Under  conditions 
encountered  in  mills,  the  entire  life  cycle  is  usually  passed  in  from  9  to 
10  weeks. 


Fig.  514. —  Mediterranean  flour  moth,  Ephestia  kuehniella  Zeller.  A,  larvae,  B  and  C, 
adults,  dorsal  view;  D,  position  of  moth  when  at  rest,  from  side.  Twice  natural  size. 
{From  Kansas  Agr.  Exp.  Sta.  Bull.  189.) 

Indian  Meal  Moth1 

Importance  and  Type  of  Injury. — The  Indian  meal  moth  feeds  on  a 
great  variety  of  food  materials.  Infested  material  will  be  more  or  less 
webbed  together  and  often  fouled  with  dirty  silken  masses  containing  the 
excreta  of  the  larvae. 

Food. — This  insect  attacks  all  kinds  of  grains,  meal,  breakfast  foods, 
dried  fruits,  nuts,  seeds,  dried  roots,  herbs,  dead  insects,  museum  speci- 
mens, the  wax  in  bee  hives,  and  many  other  substances.  It  is  frequently 
a  pest  in  candy  factories  where  nut  candies  are  made  and  has  been  bred 
from  milk  chocolate  not  containing  nuts. 

Distribution. — The  insect  is  of  European  origin,  but  is  now  generally 
distributed  throughout  the  United  States. 

Life  History,  Appearance,  and  Habits. — The  adult  moth  is  about  Yi 
inch  in  length.  When  at  rest  (Fig.  515,  A)  the  wings  are  folded  closely 
together  along  the  line  of  the  body.  The  front  or  base  of  the  forewings 
is  a  grayish-white  color,  and  the  tip  half  or  two-thirds  is  a  contrasting 
reddish-brown;  the  underwings  are  grayish-white.  The  minute  eggs,  to 
the  number  of  350  or  more,  are  deposited  in  clusters  of  from  12  to  15. 
They  hatch  in  about  4  or  6  days,  into  .small  caterpillars,  of  a  general  white 
color,  but  often  with  a  distinct  greenish  tinge.     On  becoming  full-grown, 

lPlodia  interpunctella  Hiibner,  Order  Lepidoptera,  Family  Pyralididse, 


HOI  SEHOLD  INSECTS 


76 


these  caterpillars  are  aboul  !  £  fco  \4  m('n  m  length.    They  pupate  within 

B   lliin  silken   cocoon,   from    which   the  :i<lult    moths  emerge   in    10  to  12 

days.     The  entire  life  cycle  of  the  insect   will  require  from    l'j  to  6 

Weeks  under  conditions  usually  encountered   in   heated   buildings,   there 
being  from  four  to  six  generations  Of  the  insect  each  year. 


Fiq.  515. 


-Indian  meal  moth,  Plodia  inter pundclla  Htibner.      A,  adult  with  wings  closed 
B,  adult  with  wings  spread.      {From  Kans.  Agr.  Exp.  Sta.  Bull.  189.) 


Methods  of  Controlling  Stored-grain  Pests 

While  the  methods  used  for  controlling  insects  infesting  farmers' 
grain  bins  and  elevators  differ  somewhat  from  those  used  for  the  control 
of  the  same  insects  in  mills,  warehouses,  retail  stores,  and  dwellings;  the 
most  effective  means  of  preventing  damage  is  the  same.  In  all  cases 
this  consists  of  keeping  the  premises  as  clean  as  possible.  This  means  the 
gathering  up  and  removal  of  all  refuse  grain,  seeds,  grain  products,  or 
other  material  in  which  the  insects  breed;  thoroughly  cleaning  the  bins, 
store  rooms,  or  warehouses  at  periods  of  the  year  when  they  can  be 
emptied;  the  carrying  over  from  year  to  year  of  as  little  material  as 
possible;  and  the  careful  inspection  of  all  material  when  brought  in  for 
storage  or  processing.  When  bins,  mills,  seed  houses,  or  warehouses  are 
built,  the  insect  problem  should  be  given  due  consideration,  and  the 
construction  should  be  such  that  the  most  effective  control  measures 
may  be  applied  at  the  minimum  expenditure  of  effort  and  expense. 
Provision  should  be  made  in  mills  for  heat-treating,  and  bins  and  store- 
houses should  be  made  sufficiently  tight  for  effective  fumigation.  Any 
building  where  grains  or  grain  products  or  seeds  are  held  in  storage  for 
some  time,  is  practically  sure  to  become  infested  sooner  or  later  and  to 
require  treatment. 

Destruction  by  Heat  and  Cold. — The  heat  treatment  has  given  the 
best  results  for  treating  mills,  retail  stores,  or  storerooms  in  dwellings, 
as  it  can  usually  he  applied  so  that  practically  all  insects  are  killed:  and 
the  expense  of  treatment  is  lower  than  that  of  any  other  method.  The 
heat  treatment  should  he  used  during  the  period  when  the  outside 
temperature   is   high.      In   most    mills,   the   heating  system   used   in   the 
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winter  will  be  Bufficienl  to  maintain  temperatures  high  enough  to  kill 
the  insect  life  in  the  mills  during  the  summer,  when  outside  temperatures 

are  from  90  to  100°  F.  and  little  wind  is  blowing.  Repeated  tests  writh 
this  method  have  shown  that,  in  mills  of  fairly  tight  construction  under 
the  above  conditions,  it  is  possible  to  maintain  temperatures  from  120 
to  150°  F.  for  several  hours  and  that  such  temperatures  are  fatal  to  all 
insects  exposed  to  them.  This  method  is  coming  into  more  general  use 
in  flour  mills,  but,  owing  to  the  construction  of  the  buildings,  or  the  lack 
of  heating  facilities,  it  cannot  always  be  applied  effectively.  In  most 
mills,  however,  the  expense  of  installing  sufficient  heating  units  will  not 
be  so  great  as  that  of  annually  fumigating  with  hydrocyanic  acid  gas 
or  some  other  fumigant.  Heat  is  not  satisfactory  for  the  treatment  of 
nuts  and  dried  fruits. 

There  are  a  number  of  heat-treating  machines  now  on  the  market, 
through  which  grain  may  be  passed  as  it  is  moved  from  one  bin  to  another, 
and  subjected  during  its  passage  through  the  machine  to  high  tempera- 
tures. Such  machines  are  frequently  very  valuable,  particularly  for 
use  in  elevators  or  mills,  where  conditions  are  such  that  frequent  infesta- 
tions are  sure  to  occur  from  the  waste  grain  about  the  building  and  from 
grain  being  brought  in. 

Where  outside  winter  temperatures  go  as  low  as  20°  below  zero, 
opening  the  building  to  this  temperature  will  kill  most  grain-infesting 
insects.  In  elevators  and  mill  storage  bins,  it  is  often  possible  to  keep 
down  insect  damage  by  frequently  moving  the  grain  from  one  bin  to 
another,  as  the  insects  do  not  thrive  and  multiply  rapidly  in  grain  that 
is  frequently  disturbed. 

Fumigation  with  Carbon  Bisulfide. — In  general,  the  most  effective 
method  of  treating  grain  bins  or  elevators,  where  the  bins  contain  grain 
infested  by  insects,  is  to  fumigate,  using  carbon  bisulfide.  In  some  cases, 
mixtures  of  carbon  bisulfide  and  carbon  tetrachloride  have  been  recom- 
mended. The  general  properties  of  carbon  bisulfide  are  described  on 
page  258,  under  Insect  Control.  In  bin  or  elevator  fumigations,  the 
material  should  be  applied  at  the  rate  of  at  least  1  pound  to  100  cubic 
feet  of  space. 

Fumigation  with  Hydrocyanic  Acid  Gas. — The  general  methods  of 
fumigating  with  this  gas  have  already  been  described  on  pages  254  and 
255.  The  same  methods  should  be  followed  in  the  treatment  of  ware- 
houses or  storerooms  where  grain  insects  are  causing  injury.  Hydro- 
cyanic acid  gas  cannot  be  relied  upon  to  penetrate  more  than  a  few  inches 
into  a  mass  of  seeds,  flour,  or  stored  grain. 

Fumigation  with  Sulfur. — Sulfur  fumigation  is  the  most  effective 
means  of  cleaning  out  infestations  of  mites  in  bins  or  warehouses.  Grain 
or  grain  products  must  be  disposed  of  before  the  sulfur  fumigation  is 
applied,    as   the   sulfur  fumes   are   injurious   to   grains.     From   2  to  3 
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pounds  of  sulfur  per  !,()()()  cubic  feel  of  spue*'  should  be  used  for  such 
fumigal  ions. 

('.  insects  attacking  stored  peas  and  beans 

Pea  Weevil1 

Importance  and  Type  of  Injury. — Most  housekeepers  and  seedsmen  arc 
familiar  with  "buggy"  peas.  The  insides  of  the  seeds  in  storage  are  eaten 
out  by  short,  chunky  beetles  (Fig.  516,  a)  about  J^  inch  long,  of  a 
general  brownish  color,  flecked  with  white,  black,  and  grayish  patches; 
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Fig.  516. — Pea  weevil,  Mylabris  pisorum  (Linne) ;  a,  adult  beetle;  b,  larva  or  grub;  c, 
pupa.  The  line  shows  the  natural  length  of  the  beetle.  (From  Fernald's  "Applied  Ento- 
mology,'" after  U.  S.  D.  A.) 

and  by  the  larvae  (6)  which  are  white  all  over  except  for  the  small  brown 
head  and  mouth  parts.  In  the  spring  and  summer  many  of  the  old 
peas  are  found  with  neat  circular  holes,  about  Y\  o  inch  in  diameter, 
leading  into  the  cavity  where  the  insect  developed.  Heavily  infested 
peas  are  often  reduced  to  mere  shells.  Green  peas  are  infested  with  the 
minute  larva?,  but  there  are  only  the  dot-like  entrance  holes  to  show  that 
they  are  not  sound  at  this  stage,  and  they  are  generally  overlooked  and 
eaten.  If  buggy  peas  are  planted,  a  poor  stand  of  weak,  unproductive 
plants  results  and  the  new  crop  is  likely  to  be  infested. 

Plants  Attacked. — Peas. 

Distribution. — Throughout  the  country. 

Life  History,  Appearance,  and  Habits. — The  winter  is  passed  in  the 
adult  stage  and,  under  northern  conditions,  chiefly  in  the  peas  either  in 
the  field  or  in  storage.  Some,  however,  and  in  the  South  many,  of  the 
beetles  leave  the  seeds  in  the  fall  and  hibernate  in  protected  places  out- 
of-doors.  If  infested  seed  is  not  treated  the  beetles  may  be  planted  with 
it.  They  wait  until  the  plants  are  in  blossom  and  then  join  others  that 
wintered  out-of-doors,  about  the  young  plants  and  feed  on  the  leaves. 
The  females  glue  their  elongate  yellowish  eggs  to  the  outside  of  the  pods, 
from  1  to  a  dozen  or  more  on  a  pod.  The  tiny  yellowish  larva  that 
hatches  from  the  egg  is  well  adapted  with  spines  and  very  short  legs  to 
burrow  t  lirough  the  pod  until  it  reaches  one  of  the  developing  seeds,  which 

1  Mylabris  pisorum  (Linne),  Order  Coleoptera,  Family  Mylabrids. 
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it  enters.  Having  found  a  place  where  ii  no  longer  nerds  to  search  for 
food,  the  larva  loses  its  spines  at  the  first  molt  and  the  legs  become  very 
short .     The  grub  grows  slow  l\ ,  consuming  a  I  bird  or  more  of  t  lie  contents 

of  the  seed  and  finally  eating  an  exit  passage  to  the  surface  of  the  pea, 
leaving  only  a  thin  circular  lid  (the  outer  seed  coat)  intact  to  protect  its 
tunnel.  It  then  paints  the  walls  of  its  burrow  with  a  gluey  secretion 
from  the  mouth  and  in  this  snug  chamber  passes  the  pupa  stage  (Pig. 
516,  c),  which  occupies  about  2  weeks  in  late  summer. 

There  is  only  one  generation  a  year  and  only  one  weevil  matures  in  a 
pea.  Eggs  are  never  laid  on  dried  peas,  and  there  is  no  increase  in  num- 
bers in  storage.  The  adults  must  get  to  the  growing  plants  in  the  spring 
or  perish  without  laying  eggs. 

Control  Measures. — The  only  practical  controls  are  directed  against 
the  beetles  in  the  seed.  The  best  control  is  to  tie  the  seed  up  in  bags 
at  the  time  of  harvesting  and,  as  soon  as  dry,  to  fumigate  it  with  carbon 
bisulfide.  Use  1  ounce  for  each  bushel  of  seed  or  3  pounds  to  100  cubic 
feet  of  space  in  the  fumigating  box.  This  may  be  done  in  any  tight  barrel 
or  box  that  has  a  close  lid,  or  in  a  tight  granary.  The  seeds  should 
be  put  in  first,  several  gunny  sacks  placed  on  top  of  them,  the  carbon 
bisulfide  poured  over  the  sacks,  and  the  lid  put  in  place.  After  24  to  36 
hours,  remove  the  seeds  from  the  fumigating  box  and  allow  them  to  air 
out.  Choose  a  day  for  the  work  when  the  temperature  is  about  70°  F. 
Keep  cigars  and  all  other  lights  and  fires  away  from  the  liquid  and  its 
fumes,  since  the  chemical  is  inflammable  and  explosive.  Do  not  plant 
badly  infested  seeds  even  after  the  weevils  have  been  killed.  A  simple 
control  measure  is  to  hold  over  seed  peas  in  tight  bags  or  boxes  from 
which  the  adults  cannot  escape,  until  the  second  year  after  they  were 
grown.  The  weevils  may  be  killed  by  suspending  the  seeds  in  a  bag  of 
cold  water  and  heating  it  to  140°  F.,  then  pouring  the  peas  out  on  a  sur- 
face where  they  will  dry  quickly.  Or  the  seeds  may  be  heated  dry  at  a 
temperature  of  135°  F.  for  3  or  4  hours  and  thus  all  stages  of  the  beetle 
be  killed  without  injuring  germination. 

Reference. — Crosby   and  Leonard,  "Manual  of   Vegetable-garden  Insects,"  pp. 
54-66,  1918. 

Bean  Weevils 

The  broad-bean  weevil1  is  almost  identical  in  appearance  and  habits 
with  the  pea  weevil,  but  only  about  two-thirds  as  large.  It  can  be  dis- 
tinguished by  the  points  given  in  the  key.  It  prefers  the  European 
broad-bean  as  food,  but  attacks  also  peas  and  vetches.  The  only  other 
important  difference  appears  to  be  that  several  individuals  occur  in  a 
single  seed  in  contrast  with  the  invariable  one  of  the  pea  weevil.  It 
occurs  in  California. 

1  Mylabris  rujimanus  (Bohemi&n),  Order  Coleoptera,  Family  Mylabridae. 
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The  best-known  species  attacking  beans  is  the  common  bean  weevil,1 

which  is  thought  to  be  native  to  the  American  continent.  The  four- 
spotted  bean  weevil'  and  the  cowpea  weevil3  are  closely  related  species 
t  hat  have  very  similar  habits.  They  prefer  cowpeas  in  which  to  develop, 
hut  at  t  ack  various  kinds  of  beans  and  peas,  at  least  in  storage.  They  can 
be  disi  inguished  from  t  he  bean  weevil  by  the  characters  given  in  the  key. 
Importance  and  Type  of  Injury. — All  kinds  of  beans  and  peas  stored 
for  seed  or  food,  unless  they  are  protected,  are  almost  sure  to  be  devoured 
and  rendered  useless  by  these  hungry  weevils.  In  the  field  the  beans  may 
be  stunted  and  deformed  so  as  to  be  worthless,  but  often  the  infestation 
in  green  beans  is  not  detected  and  the  infested  beans  are  eaten  or  stored 
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Fig.  517. — Common  bean  weevil,  Mylabris  obtectus  (Say);  a,  adult;  b,  larva  or  grub; 
e,  pupa.  The  line  indicates  the  actual  length  of  the  beetle.  (From  U.  S.  D.  A.  Farmers' 
Bull.  1275.) 

by  the  unsuspecting.  These  weevils  are  so  destructive  in  the  South  as 
practically  to  prevent  the  commercial  production  of  beans  either  for  seed 
or  for  food. 

Plants  Attacked. — Kidney  beans,  lima  beans,  and  cowpeas,  in  the 
field;  and  all  varieties  of  beans,  peas,  and  lentils  and  some  other  legumi- 
nous seeds  in  storage. 

Distribution. — The  bean  weevil  occurs  throughout  the  United  States 
and  in  many  other  countries.  The  broad-bean  weevil  is  confined  to  the 
western  coast,  while  the  four-spotted  bean  weevil  and  the  cowpea  weevil 
are  more  abundant  in  the  Southern  States. 

Life  History,  Appearance,  and  Habits. — Unlike  the  pea  wreevil  and  the 
broad-bean  weevil,  these  species  breed  continuously  in  the  dry  seeds,  if 
they  are  stored  in  a  warm  place,  and  all  stages  may  be  found  in  winter. 
In  the  spring  the  adults  escape  from  storerooms  or  are  carried  to  the  field 
and  planted  with  infested  seeds.  They  appear  upon  the  plants  as  the 
latter  come  into  bloom  and  U'vd  on  the  foliage  slightly.  The  adults  are 
only  half  as  large  as  the  pea  weevil,  of  a  general  light  olive-brown  color. 

1  Mylabris  obtectus  (Say). 

Mylabris  qwadrinuiciUatiis  |  Fabricius). 
3  Mylabris  chinensis  (Linn6). 
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mottled  with  darker  brown  and  gray  (Fig.  517,  a).  They  are  about  '  s 
inch  in  length,  the  appendages  are  reddish,  and  the  body  narrows  evenly 
toward  the  small  head.  The  eggs  arc  laid  in  loose  groups  of  a  dozen  or 
more,  in  holes  chewed  by  the  female  in  the  green  pods  along  the  Beam 
where  the  two  parts  of  the  pod  meet  or  in  any  natural  crack  that  she  finds 
in  the  pod. 

The  minute,  whitish,  hairy  grubs  that  hatch  from  the  eggs  are 
equipped  with  short  slender  legs  and  they  scatter  throughout  the  pod, 
seek  out  the  developing  seeds  and  eat  their  way  to  the  inside.  On 
account  of  their  very  small  size  the  entrance  holes  heal  over  and  leave 
only  a  slight  brown  dot  to  show  the  presence  of  the  weevils  within.     After 

feeding  a  few  days  the  larva?  molt  and  appear  as 
white  grubs  with  very  small  heads,  no  legs,  and  no 
long  hairs.  Feeding  and  growth  continue  until  the 
larvae  are  about  J£  inch  long,  nearly  half  as  thick, 
wrinkled,  and  humpbacked  (Fig.  517,  b).  The  pupa 
stage  (c)  is  passed  in  the  larval  cell,  which  has  been 
cemented  over  on  the  inside  to  exclude  the  larval 
beans  showing  emer-  excrement  from  contaminating  the  pupa,  and  which 
gence  holes  of  bean    has  a  cylindrical  extension  to  the  outside  but  not 

weevils,  about  natural  .  .  . .        . ,  .  ,  r^,.  .     . , 

size.    (From  Fcmaid's    penetrating  the  thin  seed  coat,      lhrough  these  cir- 
"  Applied     Ento-    cuiar  holes  (Fig.  518)  the  adults  escape  2  to  8  weeks 

after  the  larvae  entered  the  seeds.  Adults  emerging 
from  seeds  out-of-doors  soon  seek  out  growing  beans  and  deposit  their 
eggs  upon  them.  If  the  weather  remains  warm,  several  generations  may 
develop  in  the  field.  When  beans  are  harvested,  all  stages  may  be 
taken  into  storage  and  the  adults  as  they  transform  continue  to  lay  eggs 
on  or  among  the  beans.  Breeding  goes  on  steadily  as  long  as  there  is 
any  food  left  in  the  beans  and  the  temperature  is  warm  enough.  Six 
or  seven  generations  may  be  completed  in  a  year,  and  as  many  as  28 
weevils  have  been  known  to  develop  in  one  bean. 

Control  Measures. — When  beans  are  harvested  they  should  be  at  once 
sacked  up  tightly  and,  as  soon  as  they  are  dry,  either  fumigated  or  heated 
as  described  for  the  pea  weevil.  Under  no  circumstances  should  weevily 
beans  be  planted,  since  this  carries  the  infestation  into  the  field  and  also 
results  in  a  poor  stand  of  unthrifty  plants.  A  simple  method  of  killing 
the  weevils  and  preventing  their  destructive  increase  during  the  winter 
was  discovered  by  Z.  P.  Metcalf,  who  recommends  storing  the  seeds  in 
dry  air-slaked  lime,  1  pound  for  each  2  pounds  of  peas,  or  for  large 
quantities  1  pound  to  4  pounds  of  peas. 

References. — Crosby  and  Leonard,  "Manual  of  Vegetable-garden  Insects," 
pp.  57-65,  1918;  U.  S.  Dept.  Agr.  Farmers1  Bull.  1275,  1922;  Jour.  Econ.  Entomol. 
Vol.  10,  pp.  74-78,  1917;  Ky.  Agr.  Exp.  Sta.  Bull.  213,  1917;  Jour.  Agr.  Research,  pp, 
606-616,  1923  and  pp.  347-356,  1924;  Tex.  Agr.  Exp.  Sta.  Bull.  256,  1919. 


CHAPTKR  XXII 
INSECTS  INJURIOUS  TO  DOMESTIC  ANIMALS 

For  insects  to  attack  living  animals  is  a  hazardous  method  of  securing 
food.  Unlike  plants  and  stored  foods,  animals  actively  retaliate  when 
insects  attack  them.  Yet  thousands  of  species  of  insects  are  specialized 
in  structure  or  habit  to  secure  all  their  food  from  the  bodies  of  animals, 
and  there  is  not  a  kind  of  wild  or  domesticated  animal  living  that  is  not 
at  tacked  by  from  one  to  many  kinds  of  external  or  internal  parasites. 

So  far  as  we  know,  no  one  has  given  us  an  accurate  estimate  of  the  loss 
t  hat  this  attack  upon  our  useful  animals  causes  to  man.  We  know  that 
valuable  animals,  from  the  smallest  chicks  to  the  largest  beef  animals,  are 
sometimes  killed  outright;  that  the  flow  of  milk  from  dairy  cattle 
decreases  greatly  during  "fry  time;"  that  beef  and  show  cattle  lose  flesh 
and  condition  when  flies  or  ticks  are  bad;  that  work  horses  are  less 
efficient,  often  unmanageable,  when  annoyed  by  these  pests;  that  lousy 
poultry,  cattle,  or  sheep  cannot  be  perfectly  healthy;  and  that  a  number 
of  deadly  diseases  are  carried  from  animal  to  animal  solely  by  the  bites 
of  insects  and  ticks.  So  it  seems  safe  to  say  that  this  group  of  insects  is 
deserving  of  much  more  careful  study  and  active  opposition  than  has  been 
accorded  to  it. 

A.  INSECTS  ATTACKING  HORSES,  MULES,  AND  DONKEYS 

FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  HORSES, 

MULES,  AND  DONKEYS 

A .  Free-flying  insects  that  alight  on  the  animals  to  suck  blood,  coming  and  going  repeatedly: 

1.  Largo,  heavy  bodied,  swift-flying,  black,  gray,  or  brownish,  two-winged,  often 
green-eyed  flies,  y2to\  inch  long,  with  wings  clear  or  banded,  usually  alight  on  head  or 
Bhoulders  and  suck  blood  on  warm  sunny  days.  A  drop  or  two  of  blood  exudes  from 
the  puncture  after  they  leave.     Horseflies  or  deer  flies,  page  768. 

2.  Flies  about  the  size  and  general  appearance  of  the  house  fly,  suck  blood,  espe- 
cially about  the  legs,  causing  animals  to  stamp  their  feet.  Distinguished  from  the 
house  fly  by  stiff,  pointed  beak  or  proboscis  that  projects  forward  from  lower  side  of 
bead,  by  broader,  black-spotted  abdomen  and  grayer  appearance,  and  by  arista  having 
hairs  on  upper  side  only.  Palps  less  than  half  as  long  as  proboscis.  Sits  generally 
with  head  up.     Stable  fly,  page  77<). 

3.  Small,  gnat-like,  humpbacked  flies,  not  more  than  one-fourth  the  size  of  the 
house  fly,  attack  the  animals,  especially  about  the  eyes,  ears,  and  nostrils,  and  crawl 
into  the  hair  to  suck  blood.  Most  abundant  in  spring.  Black  flies  or  bujJ<do  gnats, 
page  772. 
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I.  Slender-bodied,  Bcaly-winged,  long-legged,  two-winged  insects,  up  to  'v  inch 
long,  especially  abundanl  aboul  lowlands  and  swamps  a1  du  tl  night.     Moe- 

quiioes,  page  JS27. 
/>'.    1  nseets  that  stay  on  the  animals  all  of  the  time: 

1.  Wingless,  flattened,  chestnut-colored  lice,  aboul  '  i  •_>  inch  Long,  thai  feed  on  t lit* 

dry  skin  ami  hairs,  but  do  not  pierce  the  skin  or  draw  blood.      Bead  large,  short,  and 

broad,  with  chewing  mouth  parts;  legs  slender,  abdomen  not  very  broad.     Che\ 

horse  louse,  page  773. 

2.  Wingless,  flattened,  blood-sucking  lice,  about    's   inch  long,  with  long,  slender 
head,  broad  abdomen  and  legs  much  thickened  toward  the  end.      Blood-eucking  / 
louse,  page  774. 

3.  Animals  rub  their  bodies  vigorously,  hairs  stand  erect,  areas  of  skin  with  only 
scattered  hairs  remaining;  skin  with  a  fine  eruption,  scurfy,  or  covered  with  small 
yellow  scabs.  Minute,  very  short-legged,  rounded  mites,  hardly  visible  without  a 
lens,  burrow  into  the  skin,  causing  intolerable  itching.      Mange  m.itc,  page  775. 

4.  Hair  comes  out  in  patches;  skin  with  huge  scabs  under  which  live  myriads  of 
minute,  longer-legged,  oval-bodied  mites,  scarcely  visible  without  a  lens,  that  pierce 
the  skin  with  their  mouth  parts  but  do  not  tunnel  beneath  it.     Scab  mite,  page  776. 

5.  Leathery-skinned,  flattened,  long-legged,  two-winged  flies,  about  }i  inch  long, 
cluster  under  hairs  and  suck  blood.  Horse  "tick,"  or  forest  fly,  (see  Herms,  "  Medical 
and  Veterinary  Entomology"). 

C.   Short,  chunky,  spiny  maggots  that  live  in  the  alimentary  canal  and,  during  the  spring, 
are  passed  in  the  droppings: 

1.  Elongate,  whitish  or  yellowish  eggs  or  "nits,"  glued  by  half  their  length  to  base 
of  hairs,  chiefly  on  the  front  legs.  Light-brown  bee-like  flies  with  faintly  spotted 
wings  hover  about  forequarters  of  animals,  laying  these  eggs  in  summer.  During 
winter  months  thick,  spiny,  yellowish  or  pinkish  maggots  up  to  %  inch  long,  attach  to 
walls  of  stomach  or  duodenum;  circlets  of  spines  double,  the  one  on  ninth  segment  of 
larva  nearly  complete  on  dorsal  side.     Horse  botfly,  page  776. 

2.  Elongate  whitish  eggs,  glued  by  nearly  their  full  length  to  hairs  chiefly  under 
the  jaws  by  a  bee-like  fly  with  rust-colored  thorax.  During  winter,  short,  thick, 
spiny,  pale-yellowish  maggots,  attach  to  walls  of  pharynx  when  small,  sometimes 
cutting  off  breathing,  and  to  stomach  or  duodenum;  circlets  of  spines  on  larval 
segments  in  a  single  row.     Chin  fly  or  throat  bot,  page  776. 

3.  Elongate  black  eggs,  glued  to  base  of  the  minute  dark  hairs  of  horses  lips  by  a 
brightly  marked,  bee-like  fly  with  its  abdomen  white  at  base,  black  across  the  middle, 
and  bright  orange-red  at  the  end.  During  the  winter,  moderately  spiny,  pinkish 
maggots  attach  to  stomach,  duodenum,  or  rectum  (often  causing  an  obstruction)  or 
cling  exposed  about  margin  of  anus;  circlets  of  spines  on  larval  segments  in  double 
rows,  but  the  one  on  ninth  segment  widely  interrupted  on  dorsal  side.  Lip  fly  or 
red-tailed  botfly,  page  776. 

General  References. — U.  S.  Dept.  Agr.  Div.  Entomol.  Bull.  5,  n.  s.,  1896;  Herms, 
Medical  and  Veterinary  Entomology,"  2d  Ed.  1926. 


Horseflies 


Importance  and  Type  of  Injury. — Horses  and  mules  strike  with  their 
heads,  twitch  the  skin,  shake  their  bodies  or  otherwise  evince  sharp  pain 
as  large,  heavy-bodied  black  or  brown  flies  (Figs.  520  and  521),  alight 
on  the  head,  neck,  shoulders,  or  back.  These  insects  fly  alongside  the 
animals  even  when  they  are  running  swiftly,  and  bite  repeatedly.     If 

1  Tabanus  and  Chrysops  spp.,  Order  Diptera,  Family  Tabanidae. 
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they  are  not  dislodged  by  the  animal,  they  cut  through  the  skin  with 

their  knife-like  mouth  parts  and  suck  the  blood  for  several  mimrfr 
When  they  anally  fly  away,  a  drop  or  two  of  blood  usually  exudes  from 

the   hole   they    made.      In   swampy   wooded  sections  animals   in   harness 
often  become  unmanageable  and  run  away. 

Horseflies  have  been  suspected  of  being  carriers  of  anthrax,  of  an 

oriental  disease  of  animals  known  as  surra,  of  a  human  disease  in  Utah 


FlO.  519. — Larva  of  the  horsefly,  Tabanus  atratus  Fabricius.     Line  indicates  natural  size. 

(From  III.  State  Nat.  Hist.  Sur.) 

known  as  tularaemia,  of  a  kind  of  filariasis  among  humans  in  West 
Africa,  and  of  El  debab  an  Algerian  disease  of  horses  and  camels.  In 
some  of  these  cases  the  disease  has  been  transmitted  experimentally  by 
horseflies,  and  in  other  cases  there  is  very  strong  circumstantial  evidence 
that  they  are  carriers. 

Animals  Attacked. — Horses,  mules,  cattle,  hogs,  man,  dogs,  deer,  and 
other  wild  and  domesticated  animals. 

Distribution. — Horseflies  of  various  species 
occur  throughout  the  world,  being  especially 
abundant  in  moist  wooded  areas  and  up  to  at 
least  several  thousand  feet  elevation  in  the 
mountains. 

Life    History,    Appearance,   and  Habits. — 
The  life  histories  of  only  a  few  of  the  many 
species  have  been  studied.     Apparently  the 
winter  is  generally  passed  as  nearly  full-grown 
larvae  in  the  mud  about  lakes,  streams,  or  wet 
areas  of  land.     These  maggots  (Fig.  519)  are 
2  inches  or  less  in  length.     They  are  pointed 
at  each  end,  whitish  or  banded  with  black  or 
brown,  and  with  a  flesh y  elevated  ring  on  each 
body  segment.     They  are  very  tough-skinned,  and  in  some  sections  are 
much  prized  as  bait  for  fish.     They  become  full  grown  in  late  spring,  when 
they  pass  through  a  pupal  stage  of  several  weeks  ill  drier  mud  and  then 
the  flies  begin  to  appear  in  early  summer.     The  eggs  are  laid  on  the  leaves 
or  steins  of  aquatic  plants  or  trees,  on  stones  and  other  objects  that 
Overhang  water,  or  on  grasses  in  moist  swampy  places;  in  dark-colored, 
wedge-shaped  masses  of  several  hundred.     Nearly  a  week  later  the  very 


Fig.  520. — Adult  of  the  horse- 
fly,  Tabanus  atratus  Fabricius; 
male,  natural  size.  (From,  III. 
Sdit'   Nat.  Hist.  Sur.) 
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small  maggots  hatch,  drop  into  the  water,  sink  to  the  bottom  and  bun 
themselves  in  the  mud  or  sand.  Their  food  is  small  animals  such  as  o1  her 
insects,  earthworms,  small  crust  acta  and  other  horsefly  larva'.  Some 
have  a  single  generation  and  others  apparently  two  each  year. 

There  are  several  hundred  species  of  horseflies  in  the  United  State-. 
ranging  in  size  from  about  ^<j  inch  long  to  nearly  1  inch  long.  They  are 
mostly  black  or  brown,  sometimes  striped  or  spotted  on  the  body,  and 
many  of  the  smaller  species  have  the  wings  banded  with  brown.  The 
eyes  are  often  brilliantly  colored.     Horseflies  can  usually  be  told  from 

other  flies  by  their  antennae,  which  are 
divisible  into  three  parts,  the  third  being 
long  and  composed  of  five  or  eight  rings 
and  often  with  a  short  thumb-like  pro- 
jection at  one  side  near  its  base.  Only 
the  females  bite,  the  males  feeding  on 
nectar,  honeydew  and  the  like. 

Control  Measures. — The  most  effec- 
tive control  is  to  drain  swamp  lands  and 
wet  meadows  and  thus  eliminate  many 
of  the  breeding  grounds  of  the  flies. 
Pouring  kerosene  over  stagnant  water  is 
effective  in  trapping  the  adults  which 
come  to  quiet  pools  and  dip  into  them. 
It  also  kills  the  young  maggots  as  they 
hatch  from  the  eggs  and  drop  into  the 
water. 

Covering  animals  with  light  blankets, 
fly  nets  or  ear  nets,  helps  to  ward  off 
the  attacks.  Repellent  oils  also  have  been  used.  The  following 
mixture  has  been  widely  recommended :  pine  tar  1  gallon,  fish  oil  or  crude 
carbolic  acid  1  quart,  flowers  of  sulphur  2  pounds.  It  may  be  smeared 
over  the  ears  and  head  or  applied  as  a  spray. 

References.— U.  S.  Dept.  Agr.  Bur.  Entomol.  Tech.  Bull.  12,  Pt.  II,  1906;  U.  S:  Dept, 
Agr.  Dept.  Bull.  1218,  1924;  Nev.  Agr.  Exp.  Sta.  Bull.  102,  1921. 

Stable  Fly1 

Importance  and  Type  of  Injury. — The  most  injurious  insect  attacking 
horses  and  mules  is  a  small  fly,  very  similar  in  appearance  to  the  common 
house  fly,  which  bites  the  animals  especially  on  the  legs.  It  sometimes 
comes  into  houses,  especially  in  stormy  weather,  and  bites  people  about 
the  ankles.  Animals  stamp  their  feet  continually  to  dislodge  these 
tormenting  pests.     The  stable  fly  takes  one  or  two  drops  of  blood  at  a 


Fig.  521.— Adult  of  the  horsefly, 
Tabanus  sulcifrons  Macquart,  female. 
Enlarged  one-half.  (From  III.  State 
Nat.  Hist.  Sur.) 


1  Stomoxys  calcitrans  Linne,  Order  Diptera,  Family  Muscidae. 
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meal,  Beveral  such  meals  in  a  day,  so  that  each  animal  probably  supplies 

hundreds,  if  not  thousands,  of  fly  meals  a  day  when  stable  flies  arc 
abundant.  As  a  result  of  the  pain  from  the  bites,  the  COnstanl  worry, 
and  the  loss  of  blood,  animals  lose  weight,   milk  yield  of  dairy   cattle  is 

reduced,  work  animals  become  unmanageable,  and  Bomel  Lines  animals  are 

killed,  either  as  t  he  direct  result  of  the  flies  or  from  disease  induced  by  t  he 

flies. 

While  the  stable  fly  has  boon  suspected  of  transmitting  anthrax, 
surra,  swamp  fever,  or  infectious  anemia  of  horses,  and  especially  the 
human  disease  known  as  poliomyelitis,  or  infantile  paralysis,  it  has  not 
been  proved  to  be  the  usual  carrier  of  any  animal  disease. 

Animals  Attacked. — Horses,  mules,  cattle,  hogs,  dogs,  cats,  sheep, 
goats,  guinea  pigs,  rabbits,  rats  and  man. 

Distribution. — The  stable  fly  occurs  in  all  parts  of  the  United  States 
and  throughout  most  of  the  world.  In  the  United  States  it  appears  to 
be  most  abundant  "in  the  Central 
States  from  Texas  to  Canada,  where 
grain  is  grown  extensively"  (Bishopp). 

Life  History,  Appearance  and 
Habits. — In  the  northern  states,  the 
stable  fly  is  believed  to  winter  as  larvae 
and  pupae  in  wet  straw  piles  or  strawy 
manure.  Farther  south,  development 
continues  throughout  the  year,  and 
all  stages  may  be  found  in  winter. 
During  the  warm  months  of  the  year, 
breeding  is  continuous.  The  length 
of  the  several  life  stages  has  been 
given  as  follows:  egg,  commonly  2  or 

3  days;  larva,  Commonly  2  to  4  weeks;     caltitrans    Linne.      Adult    as    seen    from 

pupa,  1  to  3  weeks ;  and  adult  probably    •*£  ^out  five^  natujul  ««. 

3  weeks.     Since  the  adult  is  usually  4 

to  6  days  old  before  she  lays  eggs,  the  total  average  life  cycle  may  be 

given  as  about  20  to  50  days,  the  longer  period  in  cool  weather. 

The  stable  fly  (Fig.  522)  is  about  Y±  inch  long,  of  a  general  grayish 
color,  like  the  house  fly.  It  can  be  distinguished  from  the  house  fly 
by  its  habit  of  biting,  and  by  its  mouth  parts,  which  stick  forward  from 
under  the  head  as  a  stiff,  somewhat  pointed,  slender  beak,  about  twice 
as  long  as  the  head.  Both  males  and  females  suck  blood  as  their  chief 
food.  They  are  active  only  during  the  day,  either  in  the  stable  or  in 
the  field. 

The  yellowish-white  maggots  of  the  stable  fly  develop  in  masses  of 
straw,  grain,  and  other  materials  that  have  become  water-soaked  or 
contaminated   with   manure,   and  less  extensively   in   the  excrement   of 


Fig.    522. — The    stable    fly,    Stomoxys 
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animals  unless  it  contains  much  hay  or  straw.  Most  serious  outbrei 
follow  periods  of  excessive  rainfall.  The  full-grown  maggot  is  about  % 
inch  long,  tapering  almost  to  a  point  at  the  head,  and  the  posterior  end 
is  cut  off  squarely.  It  can  be  told  from  the  house-fly  larva  by  looking 
at  the  spiracles  on  the  last  segment  of  the  body.  In  the  stable  fly 
these  are  small,  somewhat  triangular,  and  the  two  separated  by  twice 
their  own  width;  in  the  house  fly  they  are  almost  touching,  larger,  and 
more  rounded.  The  insect  passes  a  pupal  stage  of  a  week  or  two,  in  a 
brown  puparium  among  the  straw,  and  then  emerges  as  the  adult. 

Control  Measures. — The  destruction  and  avoidance  of  conditions  in 
which  the  maggots  thrive  offer  most  promise,  and,  while  this  method 
cannot  be  expected  to  eliminate  the  fly,  it  should  be  possible  to  reduce 
its  numbers.  Straw  from  threshing  should  be  scattered  over  the  ground 
and  plowed  under,  or  burned,  if  it  is  not  needed  for  bedding  or  feed. 
If  it  is  to  be  preserved  for  use  it  should  be  baled  and  stored  in  a  dry  place 
or  else  stacked  carefully  so  that  it  does  not  become  water  soaked  and 
rotten.  Masses  of  water-soaked  feed  should  not  be  allowed  to  accumu- 
late around  stalls  or  feed  troughs.  The  prompt  disposal  of  manure  and 
all  other  accumulations  of  fermenting  organic  matter,  as  explained  for 
the  house  fly  (p.  859),  will  also  keep  this  species  in  check. 

Animals  may  be  covered  with  blankets  or  old  trousers  pulled  over  the 
legs;  sprayed  with  a  mixture  of  fish  oil  1  gallon,  oil  of  pine  tar  2  ounces, 
oil  of  pennyroyal  2  ounces,  and  kerosene  1  pint;  or  allowed  to  run  into 
darkened  stables  with  nets,  brush,  or  sacking  so  arranged  over  the  door- 
way as  to  brush  off  the  flies  as  the  animals  enter.  About  dairy  barns 
and  other  stables,  a  window  trap  may  be  used  to  catch  myriads  of  the 
stable  fly  as  well  as  house  flies.  This  trap  is  made  just  wide  enough  to 
fit  into  the  window.  The  sides,  top  and  bottom  are  of  wood.  The 
outer  and  inner  faces  are  of  wire  screen,  folded  full  width  so  as  to  leave 
V-shaped,  inward  projecting  ridges  on  each  face.  At  the  apex  of  each 
ridge,  holes  are  punched  every  2  inches,  large  enough  for  flies  to  crawl 
through.  A  crack  34  inch  wide  is  left  at  the  bottom  of  the  trap  on  each 
side  and  the  space  that  flies  enter  there  is  roofed  with  screen  also  having 
holes  at  its  apex.  Bait  may  be  placed  in  this  space  to  attract  the  house 
flies,  but  is  of  no  value  for  stable  flies.  Flies  that  enter  through  these 
small  holes  accumulate  in  the  cages  at  the  top  and  may  then  be  destroyed. 
While  repellent  sprays  and  tfaps  help  in  lessening  the  annoyance  to 
animals,  cleaning  up  the  breeding  places  is  of  far  greater  importance. 

Reference.— U.  S.  Dept.  Agr.  Farmers'  Bull.  1097,  1920. 

Buffalo  Gnats  or  Black  Flies1 

These  very  small  gnats  (Fig.  551)  hover  about  ears,  eyes,  and  nostrils, 
alighting  frequently  and  puncturing  the  skin  with  a  very  irritating  bite. 
1  Simulium  spp.,  Order  Diptera,  Family  Simuliidae. 
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The  young  develop  in  the  water,  especially  of  rocky,  swift-flowing 
streams.  They  are  very  difficult  <<>  destroy  without  destroying  the  fish 
in  the  Btream  and  about  t  he  only  means  of  control  is  to  provide  smudges, 

in  the  smoke  of  which  animals  can  get    relief  from  attack,  or  io  spray 

animals  with  repellent  oils.     These  flies  are  more  fully  discussed  under 

Insects  That   Attack  Man  (p.  832). 

Chewing  Horse  Louse1 

Importance  and  Type  of  Injury.— At  least  two  very  different  species 
of  lice  attack  the  horse,  and  it  is  important  to  recognize  which  is  present 
in  any  case  of  infestation,  since  the 
control  measures  will  be  somewhat 
different .  This  species  does  not  pierce 
the  skin  or  suck  blood  but  runs  freely 
about  over  the  animal,  nibbles  at  the 
dry  skin  and  hairs  and  causes  great 
irritation.  In  the  spring  of  the  year, 
horses  that  have  not  wintered  well  rub 
against  fences,  stalls,  and  other  ob- 
jects. The  coat,  especially  on  the 
head,  withers,  and  about  the  base  of 
the  tail  becomes  unkempt,  hairs  stand 
erect,  and  the  skin  is  dry  and  full  of 
scurf. 

Animals  Attacked. — Horses,  mules, 
and  donkeys. 

Life  History,  Appearance,  and 
Habits. — These  lice  generally  become 
noticeable  in  late  winter  or  early 
spring,  when  all  stages  can  usually  be 

found  on  the  animal.  The  full-grown  ones  (Fig.  523),  are  about  Jfo 
inch  long,  of  a  chestnut-brown  color  except  on  the  abdomen,  wrhich  is 
yellowish  with  dark  crossbands.  The  head  is  much  broader  and  shorter 
than  that  of  the  following  species,  and  rounded  in  front,  forming  a  full 
semicircle  in  front  of  the  antennae.  The  legs  are  slenderer  than  those  of 
the  blood-sucking  horse  louse.  The  eggs  are  glued  to  the  hairs  close  to 
the  skin,  especially  around  the  angle  of  the  jaw  and  on  the  flanks.  The 
eggs  hatch  in  5  to  10  days,  into  very  small  pale-colored  lice  of  the  same 
general  shape  as  the  full-grown  ones,  and  they  become  full-grown  in  3 
or  4  weeks.  Breeding  is  continuous  throughout  the  year,  but  the 
numbers  become  fewer  in  summer. 

Control  Measures. — Horses  are  not  usually  troubled  with  lice  unless 
they  have  been  neglected  in  feeding,  stabling,  and  grooming.     Sodium 

1  Trichodectes  parumpUonu  Piaget,  Order  Mallophaga,  Family  Trichodectids. 


Fig.  523. — The  chewing  horse  louse, 
Trichodectes  parum pilosus  Piaget;  female, 
about  twenty-five  times  natural  size. 
(From  U.  S.  D.  A.  Farmers'  Bull.  1493.) 
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fluoride  dusted  into  the  coal  of  the  horse  using  about  2  ounces  per  animal 

lias  given  complete  control.  It  should  be  dusted  on  the  coat  hut  imt 
rubbed  in  and  not  applied  too  freely  about  body  openings.  The  young 
lice  are  killed  by  this  powder  as  they  hatch  from  the  eggs.  The  animals 
may  be  washed  or  dipped  in  a  2  or  3  per  cent  solution  of  creolin  in  water 
or  in  one  of  the  well-known  coal-tar  dips,  or  rubbed  with  raw  linseed  oil. 
If  linseed  oil  is  used,  do  not  work  the  animal  or  expose  to  hot  sun  for  a 
day  after  treatment.     Whatever  the  treat  merit  given,  it  must  be  repeated 

2  weeks  later,  in  order  to  destroy  lice 
hatching  from  eggs,  since  the  eggs 
are  not  killed  by  the  dips. 

Reference. —  U.  S.   Dept.  Agr.  Farmers' 
Bull.  1493,  1926. 
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Blood-sucking  Horse  Louse 

Importance  and  Type  of  Injury. — 
This  seems  to  be  the  most  important 
louse  infesting  the  horse,  being  com- 
moner and  also  more  irritating,  be- 
cause it  feeds  by  piercing  the  skin 
and  sucking  the  blood.  The  bites 
are  painful  and,  when  the  lice  be- 
come abundant,  the  loss  of  blood  is  a 
severe  drain  on  the  vitality  of  the 
host.  The  horse  shows  the  same 
symptoms  of  scurfy  skin,  unkempt 
coat,  and  scratching  or  rubbing  its 
body  as  in  the  case  of  the  chewing 
horse  louse.  Often  parts  of  the  body  will 
be  rubbed  raw.  Only  an  examina- 
tion of  the  lice  themselves  will  deter- 
mine which  species  is  present. 
Animals  Attacked. — Horses,  mules  and  donkeys. 

Life  History,  Appearance,  and  Habits. — All  sizes  of  lice  and  eggs  will 
usually  be  found  during  the  winter,  when  these  insects  are  troublesome. 
The  full-grown  lice  (Fig.  524)  are  of  a  dirty  grayish  or  yellowish-brown 
color,  about  %  inch  long,  by  half  as  broad  at  the  middle  of  the  abdomen. 
The  thorax  is  only  half  as  wide,  and  the  head  less  than  a  third  as  wide, 
as  the  abdomen,  distinctly  narrowed  toward  the  front.  The  legs  are 
short  and  very  clumsy,  fitted  for  grasping  about  hairs.  The  lice  are 
commonest  about  head  and  neck  and  at  the  base  of  the  tail.  The  egg 
1  Hcematopinus  (asini)  macrocephalus  Burmeister,  Order  Anoplura,  Family 
Hsematopinidse. 


Fig.     524 

louse,  Hcematopinus  macrosephalus  Bur- 
meister; female,  about  twenty-five  times 
natural  size.  (From  U.  S.  D.  A.  Farmers1 
Bull.  1493.) 
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Btage  is  Qormally  from  ll  to  20  days,  but  some  may  hatch  as  long  as  a 
month  after  they  were  laid.     The  young  lice  arc  similar  to  the  large  ones 

except    paler  Ul  color,  and  gradually  grow  to  the  size  and   color  of  the 

adults  in  2  to  4  weeks.      There  are  several  generations  a  year. 

Control  Mea8Ures. —  Sodium  fluoride  is  not  effective  for  tin's  species. 
Raw  linseed  oil,  2  or  3  per  cent  creolin  in  wafer,  or  one  of  the  commercial 
coal-tar  dips  or  standard  arsenical  dip  should  bo  applied.  Dips  should 
not  he  applied  in  cold  weather.  If  linseed  oil  is  used,  keep  the  animal 
out  of  the  sun  and  avoid  overheating  for  a  day  or  two.  Since  the 
eggs  hatch  over  so  long  a  period,  two  to  four  treatments  at  intervals  of  10 
to  20  days,  and  one  of  these  treatments 
at     least     5    weeks    after    the    first,    are  r*.     i  (L*aA) 

recommended. 

Reference. — U.    S.   Dept.   Agr.   Farmers'    Bull. 
L493,  l «)•-><;. 


Mange  Mite1  or  Sarcoptic  Mange 


Importance  and  Type  of  Injury. — 
Animals  rub  and  scratch  their  bodies 
vigorously.  Areas  on  the  head,  neck,  back, 
or  at  the  base  of  the  tail,  become  pimply 
and  scurfy,  with  the  hairs  bristling  and  only 
scattered  hairs  remaining.  Later  the  in- 
festation may  spread  over  the  entire  body, 
and  large,  dry,  cracked  scabs  form  on  the 
thickened  skin.  To  distinguish  it  from 
lousiness,  some  scrapings  from  the  affected 
skin  should  be  examined  under  a  micro- 
scope for  the  mites  which  cause  the  trouble. 
The  mange  of  the  horse  may  spread  to  man, 
causing  "  cavalry-man's  itch,"  but  it  does  not  persist  on  man,  dying  out 
in  a  few  weeks.     See  also  pp.  800  and  848,  and  Fig.  9. 

Animals  Attacked. — Horses,  hogs,  mules,  men,  dogs,  cats,  rabbits, 
squirrels,  sheep,  and  cattle  are  attacked  by  different  varieties  of  the  same 
species. 

Life  History,  Appearance,  and  Habits. — Mange  is  caused  by  a  very 
small  mite  (Fig.  525),  scarcely  as  big  around  as  the  cross-section  of  an 
ordinary  pin,  and  with  very  short  legs  that  barely  extend  beyond  the 
margins  of  the  body.  It  is  not  a  true  insect,  but  an  eight-legged  form 
related  to  the  ticks  and  spiders.  The  mites  themselves  will  seldom  be 
seeD  except  by  the  specialist.  They  burrow  beneath  the  skin,  making 
very  slender  winding  tunnels  from  '  i ,,  inch  to  Dearly  1  inch  long.      Within 

1  Sareoptes  scabiei  <<i<ii  Gerlach,  Order  Acarina,  Family  Sarcoptictae. 


Fig.  525. — The  mange  or  itch 
mite,  Sareoptes  scabiei  Latrielle; 
female  about  one-hundred  times 
natural  size.  (From  U.  S.  D.  A. 
Farmers'  Bull.  1493.) 
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such  a  tunnel,  the  female  lays  about  24  eggs,  and  dies  at  the  end  of  the 

tunnel.  Within  3  to  10  days  the  eggs  hatch  to  minute  nymphs,  which 
are  at  first  six-legged.  At  the  first  molting  they  acquire  an  additional 
pair  of  legs,  and  after  two  more  molts  they  are  full-sized  and  ready  to 
mate.  After  mating  the  males  die,  the  females  again  shed  their  skin, 
and  begin  new  tunnels  10  days  to  a  month  after  hatching  from  the  eggs. 
The  trouble  is  most  evident  during  the  winter  months,  but  some  of  the 
mites  live  on  the  animals  the  year  round,  unless  treated.  A  generation 
may  be  completed  in  2  weeks. 

Control  Measures. — Mange  is  contagious,  and  the  most  important 
control  is  the  isolation  of  infected  animals  to  prevent  spread.  Treat- 
ment for  horses  consists  in  clipping,  prolonged  bathing  or  massaging  in 
soap  and  water  to  soften  the  scabs  and  open  up  the  tunnels,  and  applying 
one  of  the  many  dressings  recommended  for  this  pest.  Hadwen  recom- 
mends a  hot  (not  boiled)  mixture  of  raw  linseed  oil  1  gallon,  oil  of  tar  8 
ounces,  and  sulfur  2  pounds.  Leave  on  the  skin  for  10  days;  then  repeat. 
Another  preparation  especially  recommended  not  to  cause  loss  of  hair  is 
equal  parts  of  carbonate  of  soda,  water,  soap,  sulphur,  and  creolin. 
Dissolve  the  soda  in  the  water  and  add  the  others  in  order.  Stir  well 
and  dilute  with  5  more  volumes  of  water.  Rub  into  the  affected  spots 
for  J^  hour,  then  wash  with  clean  water.  Repeat  four  times,  3  days 
apart.  Repeated  dippings  in  lime-sulfur  solution,  for  2  or  3  minutes, 
at  105°  F.,  are  also  effective.  Repeated  applications  of  any  treatment 
are  necessary.  Stalls,  curry  combs,  harness,  and  other  objects  about  the 
horse  should  be  treated  with  a  good,  coal-tar-creosote  disinfectant,  since 
the  mites  may  live  on  these  objects  for  several  weeks  off  the  animal. 

Reference.— U.  S.  Dept.  Agr.  Farmers'  Bull.  1493,  1926. 

Scab  Mite1 

The  scab  mite  is  less  serious  on  horses  than  on  cattle  and  sheep.  It  is 
sometimes  spoken  of  as  the  "  wet  mange,"  in  contrast  with  the  dryer  scabs 
that  result  from  the  attacks  of  the  mange  mite.  It  usually  starts  among 
the  longer  hair  of  the  neck,  withers,  or  base  of  tail.  Treatment  is  the 
same  as  for  mange  mite.     See  also  p.  805. 

Horse  Bots 

There  are  three  kinds  of  botflies  that  molest  horses  in  this  country. 
They  are  known  as  the  common  horse  botfly,2  the  chin  fly  or  throat  bot,3 
and  the  nose  or  lip  botfly.4 

1  Psoroptes  communis  bovis  Hering,  Order  Acarina,  Family  Sarcoptidae. 

2  Gastrophilus  {equi)  intestinalis  De  Geer,  Order  Diptera,  Family  CEstridae. 

3  Gastrophilus  (veterinus)  nasalis  Linne. 

4  Gastrophilus  hamorrhoidalis  Linne. 
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Importance  and   Type  of  Injur//.     All  three  kinds  of  botflies   are 
dreaded   by   horses,   which   fight    them   viciously,   although   we  know 

from  the  structure  of  the  flies  that  they  can  neither  bite  nor  sting  the 
animals.  Their  sole  object  in  flying  about  horses  is  toglue  their  eggs  (Fig. 
526)  fast  to  the  hairs.     This  act  may  result  in  a  slight  pull  on  the  hair,  hut 

it  is  believed  that  the  alarm  caused  by  the  flies  is  mostly  due  to  fear  or 
nervous  excitation  caused  by  buzzing  and  striking.  The  most  injurious 
stage  of  the  flies  is  the  maggot  or  larval  stage,  which  lives  in  the  digestive 
tract  of  the  horse,  causing  mechanical  injuries  to  the  lining  of  the  stomach 
and  intestine  by  the  sharp  spines  and  mouth  hooks,  interfering  with  glan- 
dular activity,  causing  inflammation,  absorbing  food,  which  progressively 


.3£; 


Fig.  520. — Eggs  of  horse  bots;  a,  the  lip  botfly;  b,  the  common  horse  botfly;  and  c,  the 
throat  botfly.  About  thirty-five  times  natural  size.  (From  U.  S.  D.  A.  Farmers'  Bull. 
1503.) 


starves  the  host,  and  frequently  causing  complete  obstruction  to  the 
passage  of  food  substances  from  stomach  to  intestine  (Fig.  527).  A  horse 
badly  infested  with  bots  presents  a  run-down  condition,  due  to  digestive 
disturbances,  and  has  a  rough  coat.  The  presence  of  bots  may  also 
be  detected  by  finding  the  full-grown  larvae  in  the  manure  in  the 
spring  months,  although  this  occurs  too  late  to  apply  effective  control 
measures. 

Animals  Attacked. — Horses,  mules,  donkeys,  and  rarely  dogs. 

Distribution. — The  common  horse  bot  and  the  throat  hot  occur 
throughout  the  United  States.  The  throat  bot  is  said  to  be  especially 
abundant  in  the  Rocky  Mountain  region.  The  nose  or  lip  botfly  is 
recorded  from  northern  Illinois,  westward  to  Idaho  and  from  northern 
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Kansas  and  Colorado  to  Manitoba,  Saskatchewan,  and  Alberta.     It  has 
been  spreading  in  all  directions. 

Life  lit  story,  Appearance,  and  Habits. — The  bots  winter  as  larva'  (Fig. 
527),  in  the  alimentary  canal  of  the  host,  usually  becoming  full-grown  by 
late  winter  or  spring.  They  may  be  found  in  the  digestive  tract  every 
month  of  the  year;  but  after  the  first  of  October  only  small  larva?  will  be 
found,  the  mature  larva?  having  all  been  passed  by  that  date.  The  full- 
grown  horse  bots  are  thick,  tough-skinned  maggots,  blunt  at  the  posterior 
end.  tapering  in  front  to  the  two  st  rong  mouth  hooks,  and  with  a  circlet  of 


Fig.  527.— Horse  bots,  larvse  attached  to  lining  of  horse's  stomach;  at  center,  lesions 
whore  bots  have  been  removed.  About  two-thirds  natural  size.  (From  U.  S.  D.  A. 
Dept.  Bull.  597.) 


prominent  spines  around  each  body  segment.  They  are  about  Y±  inch 
long,  yellowish  white  or  pinkish  in  color.  The  three  kinds  may  be  told 
by  the  characters  given  in  the  key.  When  growth  is  complete  they 
release  their  hold  on  the  walls  of  the  stomach  and  pass  to  the  ground, 
usually  with  the  excrement.  This  fact  has  been  taken  advantage  of  by 
quacks  who  recommend  various  treatments  to  be  given  in  the  late  winter 
and  cite  the  normal  appearance  of  bots  in  the  excrement  as  a  result.  The 
hot  larvae  burrow  into  the  soil  a.  short  distance  and  inside  their  hard- 
ened skins  form  the  pupae,  from  which  adults  appear  3  to  10  weeks  later. 
The  adults  are  abroad  commonly,  in  the  case  of  the  lip  bot,  from  early 
June  until  late  summer  in  the  northern  states,  being  rare  in  the  fall;  while 
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the  com 1 1 urn  horse  botfly  and  the  throat  botfly  begin  to  appear  about  t  he 
first  of  July  and  are  abundant  until  frosts.  The  adults  look  somewhat 
like  bumblebees,  being  very  hairy,  two-winged,  of  a  general  brown- 
ish color  and  about  2;j  inch  Long.  They  lake  no  food  and  live  Only  from 
A  days  to  3  weeks.  The  common  horse  hot  may  easily  he  told  by  the 
faint  smoky  spots  on  the  wings.  The  throat  hot  has  a  rust-red  thorax, 
clear  \vinjj;s,  and  a  prominent  hand  of  hlack  hairs  at,  midlength  of  the 
abdomen.  The  lip  fly  is  somewhat  smaller  than  the  others  and  has  a 
prominent  red  tail. 

The  common  horse  bot,1  hovers  about  the  animal  without  causing  much 
excitement,  bends  her  abdomen  forward  under  the  body,  and,  darting  in, 
quickly  glues  an  egg  to  a  hair,  usually  on  the  front  leg  but  also  to  a  lesser 
extent  on  shoulders,  belly,  and  hind  legs.  Egg  after  egg  (Fig.  526,  b)  is 
attached  in  this  way,  so  that  the  legs  of  horses  on  pasture  or  in  corrals 
often  assume  a  yellowish-gray  cast  from  the  large  number  of  "nits" 
cemented  to  the  hairs.  A  very  curious  fact  about  the  eggs  of  this  fly  is 
that  they  cannot  hatch  without  moisture  and  friction  being  applied  to 
t  hem.  But  when  the  lips  or  tongue  of  the  horse  pass  over  them  in  scratch- 
ing or  nibbling  at  the  legs,  they  hatch  very  quickly  (if  mature  enough) 
and  the  larva  clings  to  the  lips  or  tongue  and  is  supposedly  swallowed. 
Hadwen,  however,  believes  that  they  burrow  into  the  flesh  of  the  tongue 
when  taken  into  the  mouth  and  they  may  reach  the  stomach  by  some 
more  circuitous  path.  Having  reached  the  stomach,  9  to  12  months  are 
spent  there,  during  which  growth  is  completed,  there  being  but  one 
generation  a  year. 

The  throat  bot2  hovers  in  front  of  the  horse,  and  at  intervals,  darts 
upward  and  glues  its  eggs  (Fig.  526,  c),  to  the  bases  of  hairs  under  the  head 
or  jaw  of  the  horse  or  down  on  the  throat.  This  causes  the  animals  to 
nod  their  heads,  drawing  the  nose  in  toward  the  breast,  and  when  loose 
in  pastures,  to  stand  with  their  heads  across  the  shoulders  of  another 
horse.  These  eggs  are  also  whitish  but  can  be  distinguished  from  those 
of  the  common  bot  by  the  characters  given  in  the  key.  They  do  not 
require  rubbing  or  moisture  to  hatch,  and  it  is  believed  that  the  maggots 
crawl  down  the  hair  to  which  they  were  attached  and  burrow  beneath  the 
skin.  Nothing  seems  to  be  known,  however,  of  how  they  get  from  the  egg 
to  the  stomach.  They  tend  to  attach  to  the  pharynx,  paralyzing  the 
muscles  that  control  swallowing,  or  in  the  duodenum,  and  are  less  common 
in  the  stomach.  The  rest  of  the  life  cycle  is  similar  to  that  of  the  common 
horse  bot. 

The  lip  or  nose  botfly3  is  generally  considered  the  worst  species  of  the 
three.     It  lays  its  eggs,  not  about  the  nostrils,  but  attached  very  close 

1  GastrophUlU  (equi)  intestinalis  De  Geer,  Order  Diptera,  Family  Gvstridae. 

2  Gastro])hilus  (velerinus)  nasalis  Linn^. 

3  Oattrophilus  ha  morrhoidalia  Linne. 
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to  the  skin  on  the  small  hairs  of  the  lips.  Striking  the  horse  on  this 
sensitive  spot  causes  it  to  jerk  and  toss  its  head,  and  repeated  attacks 
often  cause  the  animals  to  become  frantic  or  to  rub  their  lips  over  fenc 
or  to  stand  with  the  lips  appressed  to  another  animal's  back.  The  eggs 
(Fig.  526,  a)  are  very  different  from  the  other  species,  being  blackish  and 
with  a  slender  screw-like  "tail"  nearly  as  long  as  the  egg.  Some  observ- 
ers contend  that  this  screw-like  piece  is  sunk  into  the  flesh  at  the  base  of 
the  hairs.  Nothing  is  known  as  to  how  the  larvae  get  from  the  eggs  to 
the  stomach,  but  it  is  believed  that  they  are  swallowed  with  food  or  water. 
From  this  point  on,  the  life  cycle  is  similar  to  that  of  the  other  species, 
except  that  these  larvae,  instead  of  passing  with  the  excreta,  have  the 
habit  of  attaching  to  the  walls  of  the  rectum  or  to  the  skin  about  the 
anus  for  a  time  before  dropping  to  the  soil,  causing  rubbing  and  switching 
of  the  tail.  The  adults  begin  to  appear  in  early  June,  and  some  are  pres- 
ent until  frost,  although  any  individual  lives  only  a  few  days. 

Control  Measures. — Botflies  are  active  only  in  the  open  and  during 
the  daytime,  so  that  animals  kept  stabled  during  the  day  and  pastured 
only  at  night,  if  at  all,  do  not  become  infested.  A  piece  of  canvas 
stretched  across  the  underside  of  the  head  and  front  of  the  neck,  from  the 
throat-latch  to  the  bit-rings,  effectively  checks  the  egg  laying  of  throat 
botflies.  The  lip  fly  may  be  similarly  prevented  from  laying  eggs  by  a 
belting  lip  protector,  constructed  as  described  by  Bishopp  and  Dove  in 
U.  S.  Dept.  Agr.  Farmers'  Bulletin,  1503.  The  eggs  of  the  common  horse 
bot  may  be  destroyed  by  sponging  the  legs  of  the  horse  frequently  with  a 
solution  of  carbolic  acid,  containing  2  per  cent  phenol  in  water,  or  with  a 

2  per  cent  solution  of  the  standard  coal-tar-creosote  dips.  Such  applica- 
tions should  be  made  every  5  or  6  days.  Bishopp  and  Dove  have  found 
that  an  application  of  equal  parts  pine  tar  and  lard  prevents  egg  laying  on 
the  treated  parts  for  about  4  days. 

If  the  horse  is  found  to  be  infested  in  fall  or  early  winter,  its  digestive 
tract  should  be  fumigated  in  the  following  manner.  Give  a  light  feed  in 
the  morning.     The  following  morning  give  a  gelatin  capsule  containing 

3  drams  carbon  bisulfide,  an  hour  later  another,  equal,  dose,  and  an  hour 
later  a  third  and  last  dose.  Feeding  and  watering  may  be  resumed  3 
hours  after  the  last  treatment.  The  carbon  bisulfide  forms  a  gas  that 
kills  the  larvae  and  they  are  passed  in  the  feces.  Young  or  small  animals 
should  be  given  a  reduced  amount  of  the  medicine.  If  colic  or  other 
symptoms  show  up  after  the  first  dose,  treatment  should  be  discontinued 
and  tried  again  at  a  later  date.  These  treatments  should  be  given  by 
competent  veterinarians  and  should  not  be  attempted  by  unskilled 
workmen. 

References.— U.  S.  Dept.  Agr.  Dept.  Bull.  597,  1918;  U.  S.  Dept.  Agr.  Farmers'  Bull. 
1503,  1926;  Bull.  Entomol.  Research  Vol.  9,  Pt.  2,  pp.  91-106,  September  1918. 
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B.   INSECTS  ATTACKING   CATTLE 
FIELD   KEY  FOR   THE  IDENTIFICATION    OF   INSECTS   INJURING   CATTLE 

.1.  I'n < -flying  insects  tli<tt  alight  on  the  animals  t<>  suck  blood,  coming  and  going 
n  peatedly: 

1 .  1  [eavy-bodied,  swiff,  brownish  to  black  (lies,  %  to  1  inch  long,  wit  li  t  wo  clear  or 
banded  wings,  alighi  on  animals  and  suck  their  blood,  usually  leaving  a  drop  or  two 
of  blood  exuding  from  the  puncture.  Especially  active  about  marshes,  swampy  wood-, 
or  meadows  and  on  warm  sunny  days.      Horseflies,  paged  70S  and  783. 

2.  Flies  of  the  size  and  general  appearance  of  the  house  fly,  suck  blood  especially 
from  the  legs,  causing  the  animals  to  stamp  their  feet.  Distinguished  from  the  house; 
By  by  its  stiff,  slender  beak,  sticking  straight  forward  from  under  side  of  head,  by  its 
broader  black-spotted  abdomen,  grayer  appearance,  and  by  the  bristle  on  antenna, 
having  hairs  on  its  upper  side  only.  Palps  less  than  half  as  long  as  proboscis.  Usually 
n sets  with  its  head  upward.     Stable  fly,  pages  770  and  783. 

3.  Flics  similar  to  the  stable  fly,  but  only  half  as  large,  stand  on  their  heads  among 
the  hairs  especially  of  the  back  and  sides  of  cattle  and  suck  blood.  Palps  nearly  as 
long  as  proboscis.  They  sometimes  cluster  in  a  mass  about  the  base  of  the  horns  to 
rest.     Horn  fly,  page  782. 

4.  Very  small,  stout,  black  flies,  less  than  }/§  inch  long,  with  a  humped  thorax, 
thick,  11-segmented  antenna?  as  long  as  the  head,  two  broad,  delicately  veined  wings, 
and  stout  legs,  pierce  the  skin  and  suck  the  blood,  especially  about  the  eyes,  ears,  and 
nostrils,  causing  extreme  pain.     Black  flies,  turkey  gnats  or  buffalo  gnats,  page  783. 

5.  Very  slender-bodied,  scaly-winged,  blood-sucking  flies  swarming  over  the 
animals,  especially  at  dusk  and  at  night  near  swampy,  wooded  sections.  Mosquitoes, 
pages  783  and  827. 

B.   Insects  that  stay  on  the  animals  all  of  the  time: 

1.  Slate-gray,  wingless,  broad,  flat,  blood-sucking  lice,  up  to  }/%  inch  long  and  half 
as  broad;  head  pointed  in  front.  The  white  eggs  are  glued  to  the  hairs,  especially 
about  the  fore  part  of  the  body.     Short-nosed  ox  louse,  page  786. 

2.  Similar  to  the  short-nosed  ox  louse  but  only  about  half  as  large  when  mature, 
often  attaching  in  dense  groups  about  head  and  neck.  Eggs  yellowish.  A  blood- 
sucking louse,  Solcnopotes  capillatus,  page  787. 

3.  Bluish,  shiny,  wingless  lice,  a  little  smaller,  darker,  much  more  slender  and 
with  a  longer  head,  than  the  preceding.  Move  about  but  little,  usually  stand  on  their 
heads  among  the  hairs.  Eggs  nearly  black,  glued  to  the  hairs.  Long-nosed  ox  louse, 
page  786. 

4.  Much  smaller  lice,  about  }{%  inch  long,  reddish  in  color,  with  distinct  dark 
cross-bands  on  the  abdomen;  head  broad,  bluntly  rounded  in  front.  Chew  hairs, 
epidermal  scales,  etc.,  do  not  suck  blood.  Run  about  actively  among  the  hairs. 
Egjjs  whitish,  glued  to  hairs.     Little  red  louse,  page  784. 

5.  Hair  comes  out  in  patches;  skin  forms  large  scabs,  under  which  may  be  found 
myriads  of  minute,  eight-legged,  oval-bodied,  pale  mites,  just  visible  to  the  naked  eye, 
which  pierce  the  skin  writh  their  mouth  parts  but  do  not  tunnel  beneath  it.  Scab 
mite,  page  788. 

6.  Hard  lumps  up  to  the  size  of  a  pea  form  on  skin  of  muzzle,  head,  and  shoulders, 
and  burst  open,  disclosing  a  yellowish  pus  in  which  are  many  microscopic  worm-like 
mites,  with  eight  short  legs  toward  one  end  of  their  short,  slender  bodies.  Follicle 
miti .  page  7S8. 

7.  Eight-legged,  leathery,  glossy,  ovate,  seed-like,  brown  to  bluish-gray  ticks, 
attached  to  the  skin  by  their  mouth  parts  and  seldom  moving  about:  up  to  '  ■>  inch 
long.      Drop  off  host    to  lay  eggs  in   a   cluster  on  the  ground.      Minute,    firsl    instar 
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nymphs  or  "seed  ticks"  have  only  six  legs.     Texas-fever  tick  (carriee  the  riisftfUM  know  D 

as  Texas  fever),  dog  tick,  and  others,  page  788. 

C.  Spiny  worms  or  maggots  that  live  in  the  flesh  or  in  wounds: 

1.  During  the  winter,  tumorous  swellings  or  "warble8"  appear  along  the  back,  in 
which  fat,  wrinkled,  white  or  blackish  maggots,  from  \  -■  to  1  inch  long,  live;  and  from 
which  they  can  be  squeezed  out.  The  larvffl  have  minute  spines  on  all  hut  the  lasl 
larval  segment.  These  are  the  young  of  hairy,  swift  flies  (about  the  size  and  appear- 
ance of  a  honeybee,  }-'>  inch  long,  with  hairy  legs,  uniformly  white  teguls  and  orange 
hairs  at  end  of  abdomen  only)  that  glue  small,  slender,  yellowish  eggs  in  rows  to  hairs 
of  legs,  belly,  etc.,  in  early  spring.      1 1  eel  fly  or  striped  ox-warble  fly,  page  791. 

2.  Like  the  above,  but  the  last  two  segments  of  the  larva  without  spines.  Adults 
a  little  larger  (^  inch  long,  with  legs  smoother,  tegulce  with  a  brown  border,  and 
yellowish  hairs  on  front  half  of  thorax  as  well  as  on  base  and  tip  of  abdomen),  appear 
later  in  spring  and  annoy  cattle  greatly,  causing  them  to  stampede  or  run  madly, 
though  they  neither  bite  nor  sting.     Northern  ox- warble  fly,  or  "bomb  fly,"  page  791. 

3.  Slender,  whitish  maggots  up  to  Y±  inch  long,  blunt  behind,  tapering  in  front, 
and  with  an  elevated  ring  at  each  segment,  bearing  short  spines,  burrow  in  wounds 
of  animals.     The  eggs  are  laid  in  abrasions  and  fly  or  tick  punctures,  by  a  metallic, 

bluish-green  fly,  larger  than  the  house  fly,  with 
three  black  stripes  on  thorax  and  a  reddish-yellow 
face.     Screw  worm  fly,  page  795. 

4.  Slender  whitish  maggots,  blunt  behind,  taper- 
ing in  front,  and  %  inch  or  less  in  length,  work  in 
the  flesh  about  sores,  especially  following  dehorning. 
Green  bottle  fly  and  black  blowfly,  page  810. 

Horn  Fly1 

Importance  and  Type  of  Injury. — The 
horn  fly  is  a  close  relative  of  the  stable  fly, 
and  its  harmful  effects  on  cattle  are  very 
similar.  It  pierces  the  skin  to  suck  blood, 
causing  pain  and  annoyance  and  interfering 
with  the  feeding  and  resting  of  the  animals, 
so  that  they  lose  weight,  lose  in  yield  of  milk, 
develop  indigestion,  and  suffer  other  dis- 
orders. These  will  be  recognized  as  the 
small  flies  (Fig.  528),  about  half  as  big  as  the  house  fly  or  stable  fly,  that 
hover  over  the  backs  of  cattle  all  summer  long,  crawling  down  among  the 
hairs  on  the  withers,  back,  or  belly,  and,  with  wings  partly  spread  suck 
blood  until  a  swish  of  the  head  or  tail  scares  them  up,  temporarily. 
These  flies  have  been  suspected  of  transmitting  anthrax. 

Animals  Attacked. — Cattle  chiefly;  also  goats.  Annoying  to  people 
working  about  cattle. 

Distribution. — This  insect  was  first  found  in  this  country  near  Phila- 
delphia in  1887  and  is  believed  to  have  been  brought  to  this  country  with 
shipments  of  cattle  a  year  or  two  before.     Within  10  years  it  had  spread 
over  all   of  the   United  States  east  of  the  Rocky  Mountains,  and  to 
1  Hoomatobia  irritans  (Linnc),  Order  Diptera,  Family  Muscidae. 


Fig.  528.— Adult  of  the  horn 
fly,  Hcematobia  irritans  (Linne) ; 
about  six  times  natural  size. 
(From  photo  by  Bishopp,  U.  S. 
D.  A.) 
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California  and    Hawaii.     It    is   now  generally  distributed   throughout 

America. 

Life  History,  Appearance,  and  Habits.  Horn  flics  probably  winter  as 
larvae  or  pupa1  in  dung  or  soil.     In  Bpring  they  begin  to  appear  on  cattle 

and  their  numbers  rapidly  increase.  Apparently  they  develop  only  in 
fresh  droppings  of  cattle,  the  flies  darting  from  an  animal  to  the  fresh 
dung  and  depositing  a  few  eggs  on  the  surface  of  the  mass.     The  eggs  an; 

brown  in  color  and  not  easy  to  see.  The  maggots  hatch  from  these  eggs 
in  a  day  or  so,  feed  in  the  dung  and  become  full-grown  (about  %  inch 
long),  in  3  to  5  days.  They  then  descend  to  the  soil,  form  pupae  inside  of 
brown  seed-like  puparia,  and  emerge  as  flies  about  a  week  later.  The 
entire  life-cycle  may  be  completed  in  10  days  to  2  weeks.  The  adults 
look  like  half-sized  stable  flies,  but  do  not  have  the  spotted  abdomen  and 
the  palps  at  the  sides  of  the  beak  are  about  two-thirds  as  long  as  the  beak. 
When  not  feeding  they  often  rest  about  the  head,  especially  on  the  base  of 
the  horn  if  the  animal  has  horns,  sometimes  so  many  of  them  that  they 
make  a  black  ring  around  the  horn.  It  should  be  clearly  understood  that 
no  injury  is  done  to  the  horn.  The  flies  remain  abundant  until  frosts 
kill  them,  when  the  immature  stages  in  the  dung  go  into  hibernation. 

Control  Measures. — No  satisfactory  control  for  horn  flies  has  yet  been 
discovered.  Darkened  stables,  with  curtains  or  brush  arranged  over  the 
entrance  to  brush  the  flies  off  as  the  cattle  go  in,  give  a  measure  of  relief. 
If  the  cattle  are  being  fed  grain,  hogs  and  chickens  running  with  them  help 
to  control  the  flies  by  scattering  the  dung  and  destroying  the  maggots. 
Some  countries  have  introduced  dung-feeding  beetles  and  predaceous 
wild  birds  which  it  was  hoped  would  check  the  flies,  but  the  practical 
method  of  combating  this  pest  awaits  discovery.  Repellent  sprays  give 
temporary  relief  from  these  flies  and  are  useful  at  milking  time. 

References. —  U.  S.  Dept.  Agr.  Bur.  Entomol.  Circ.  115,  1910;  Jour.  Econ.  Entomol., 
Vol.  21,  pp.  504-506,  1928. 

Other  Blood-sucking  Flies 

The  large  blood-sucking  horseflies  or  greenheads  (Figs.  520  and  521),  often  punish 
cattle  severely,  especially  if  the  pastures  border  woods  or  wet  areas  of  land.  Mos- 
quitoes may  dry  up  dairy  cattle  and  cause  loss  of  flesh  in  other  animals,  especially 
in  wet  seasons,  when  they  come  out  of  the  water  in  swarms  and  bite  the  animals  day 
and  night.  Draining  wet  land,  screening  stables,  and  providing  smudges  will  give 
relief  from  horse  flies  and  mosquitoes.  Black  flies  (Fig.  551),  attack  about  the  eyes, 
nostrils,  or  oars  and  under  the  belly,  and  may  be  sucked  into  the  mouth  or  nostrils 
by  snorting  animals,  which  sometimes  die  as  though  suffocated  by  the  innumerable 
gnats.  Smudges  appear  to  be  the  only  practical  help  for  this  scourge.  Further 
di-cussion  of  black  flies  is  fjiven  on  page  832.  The  stable  fly  I  Pig.  522),  while  generally 
less  serious  on  cattle  than  the  horn  fly,  in  times  of  great  epidemics  may  exceed  the 
latter  as  a  cattle  pest.  It  bites  chiefly  about  the  legs.  Control  measures  are  the  same 
as  given  under  Horses. 
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Othbb  Fuss  about  Cattle 

A  number  of  flies,  such  as  the  house  fly,  that  do  not  pierce  the  skin,  visit  the  animals 
to  suck  up  blood  exuding  from  wounds  made  by  horn  tin-,  Stable  Hies,  horseflies 
and  others.  They  annoy  the  animals  and  may  easily  have  a  serious  Connection  with 
the  transmission  of  blood  parasites  from  one  animal  to  another.  Other  flesh  flies 
besides  the  screw-worm  fly  sometimes  deposit  eggs  or  maggots  in  wounds  where  the 
maggots     develop. 

Cattle  Lice 

As  in  the  case  of  the  horse,  two  very  different  kinds  of  lice  are  common 
on  cattle,  some  of  them  sucking  the  blood,  and  others,  which  cannot 
pierce  the  skin,  living  off  the  dry  skin  scales,  hairs,  and  scabs.  They  are 
especially  injurious  to  calves  and  to  poorly  fed,  unhoused,  old  animals, 
during  the  winter  months.  The  lack  of  oiliness  of  the  skin  of  such 
animals  makes  conditions  ideal  for  lice.  Holsteins  are  said  to  be  the  worst 
infested  and  Jerseys  the  least  so. 

Chewing  Cattle  Louse  or  Little  Red  Louse1 

Importance  and  Type  of  Injury. — When  cattle  rub  and  scratch  against 
stanchions,  fences,  and  other  objects,  and  show  areas  of  the  skin 
which  are  full  of  scurf  and  partly  denuded  of  hairs,  or  raw  and  bruised 
from  rubbing,  they  are  almost  certainly  infested  either  with  lice  or  with 
scab  mites.  If  lice  are  the  cause  of  the  irritation,  parting  the  hairs  and 
folds  of  the  skin  on  head,  neck,  and  shoulders  will  reveal  the  lice,  while  if 
the  trouble  is  due  to  scab,  no  insects  will  be  visible  to  the  naked  eye.  The 
lice  which  suck  blood  (Fig.  530),  are  all  of  a  bluish  slate  color,  while 
the  chewing  louse  (Fig.  529)  is  yellowish  white  with  a  reddish  head  and 
eight  dark  crossbands  on  the  abdomen,  giving  a  somewhat  ladder-like 
appearance  to  this  part  of  the  body.  The  chewing  lice  crawl  about  freely 
over  the  skin  between  the  hairs,  irritating  the  skin  both  with  their  sharp 
claws  and  with  their  sharp  chewing  mandibles.  When  very  abundant, 
they  form  colonies  about  the  base  of  the  tail  or  on  the  withers  which  may 
become  covered  over  with  a  light  scurf,  in  patches  as  big  as  the  hand. 
Under  this  scurf  the  lice  are  feeding  on  the  raw  skin.  Such  gross  attacks 
weaken  the  animals,  check  growth,  and  predispose  the  animals  to  other 
diseases. 

Animals  Attacked. — It  is  the  general  rule  .that  each  kind  of  animal  has 
its  own  kinds  of  lice  that  do  not  feed  on  any  other  animal.  Cattle  lice 
have  also  been  recorded  from  deer,  but  do  not  attack  other  domestic 
animals. 

Life  History,  Appearance,  and  Habits. — Lice  are  most  abundant  during 
the  winter,  when  the  coat  becomes  thick  and  long  and  the  skin  is  relatively 
dry  of  oil.     At  this  season  all  sizes  of  lice  and  the  eggs  are  to  be  found 

1  Trichodectes  scalaris  Nitzsch,  Order  Mallophaga,  Family  Trichodectidae. 
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on  :in  infested  animal.  The  eggs,  are  delicate,  white,  barrel-shaped 
objects  glued  by  one  end  to  a  hair  while  the  other  <ii<  1  has  a  Blight  rim 

wit  hi n  which  fits  a  lid  thai  is  pushed  off  when  the  egg  hatches.  The 
young  louse  is  paler  in  color  bul  of  the  same  form  and  structure  as  the 
old  ones.     It  appears  from  the  egg  within  a  week  after  laying,  under 

favorable  conditions,  and  within  2  weeks  the  young  louse  may  have 
become  full-grown  and  be  laying  eggs  for  another  generation.  Conse- 
quently they  usually  increase  to  great  numbers  during  the  winter  and 
early  spring,  if  not  controlled.  When  the  coat  is  shed  in  spring  and  dur- 
ing the  heat  of  Bummer,  the  lice  seem  to  disappear,  but  enough  remain  to 


Fi<;.  529. — Shewing  cattle  louse  or  little  red  louse,   Trichodectes  scalaris  Xitzsch;  female, 
about  twenty  times  natural  size.      (From  U.  S.  D.  A.  Farmers'  Bull.  909.) 


carry  the  species  over  until  favorable  conditions  permit  them  to  increase 
again. 

Control  Measures. — Lice  cannot  live  off  the  animal  for  more  than  7  or 
8  days,  but  the  eggs  that  become  scattered  about  on  shed  hairs  may  hatch 
at  any  time  up  to  3  weeks  and  the  nymphs  crawl  back  upon  the  animal. 
Thoroughly  dusting  the  animal's  coat  with  sodium  fluoride  will  greatly 
check  if  not  eradicate  the  chewing  lice.  Treatment  with  raw  linseed  oil, 
as  described  under  blood-sucking  lice  is  probably  the  best  control  for  a 
limited  number  of  animals,  and  dipping,  with  one  of  the  arsenical  or 
nicotine  dips,  or,  if  good  soft  water  is  available,  a  coal-tar  creosote  prepa- 
ration,  in  specially  constructed  vats  is  necessary  for  large  herds. 

References.— U.  S.  Dept.  Agr.  Farmers'  Bull.  909,  1918;  Conn.  {Starrs)  Agr.  Exp. 
8ta.  Hull.  97,  191s. 
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BliOOD-BUCKING    I    \  I  I  1.1.    Ll<  I 

Importance  and  Ti/jx  of  Injury.  The  symptoms  of  blood-sucking  lice 
are  similar  to  those  shown  when  the  little  wd  louse  is  present,  but  the 
irritation  is  greater  because  of  their  habits  of  piercing  the  skin  or  "biting" 

to  get  the  blood.  The  loss  of  blood  keeps  young  animals  runt}'  and 
prevents  normal  production  of  milk  or  meat  in  older  ones.  The  animals 
scratch  and  rub  persistently  and  patches  of  the  skin  become  bare  of  hairs 
and  are  sore. 

Life  History,  Appearance,  and  Habits. — If  an  animal  infested  with 
blood-sucking  lice  is  examined  during  the  winter,  dark-blue  patches  on 


Fig.   530. — Short-nosed  cattle  louse,   Ha-matopinits  eurysternus   (Nitasch);  female,   about 
twenty  times  natural  size.      (From  U.  S.  D.  A.  Farmers'  Bull.  909.) 


the  skin,  often  as  big  as  a  half-dollar,  which  at  first  look  like  dirt,  may  be 
found  in  folds  of  the  skin,  on  head,  neck,  withers,  or  along  the  inner 
surfaces  of  the  legs.  Examining  more  closely  will  show  that  these  spots 
are  composed  of  clusters  of  little  lice  (Fig.  530),  standing  on  their  heads, 
clinging  by  their  claw-like  legs  to  the  hairs,  and  with  noses  appressed  to 
the  skin,  from  which  they  draw  blood.  They  move  about  very  little 
except  when  laying  their  eggs.  The  largest  of  them  are  only  \i  inch  long, 
and  successively  smaller  ones  are  generally  present,  down  to  the -size  of 
the  egg.  All  stages  are  passed  on  the  skin  of  the  host,  the  eggs  usually 
hatching  in  10  days  to  2  weeks.  The  nymphs  feed  continuously  and  the 
females  begin  to  lay  eggs  when  they  are  about  2  weeks  old.     The  eggs  are 
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glued  fast  to  the  base  of  the  hairs  by  one  end,  and  are  somewhat 
keg-shaped. 

The  long-nosed  cattle  louse,1  which  is  especially  prevalent  on  young 

cattle,  IS  a  slender  species  about  \  ,  0  inch  long,  the  body  one-third  as  wide 
as  long,  and  the  head  nearly  t  wire  as  long  as  broad,  and  pointed  m  Iron! . 

Its  eggs  are  nearly  black.     The  short-nosed  cattle  louse3  (Fig.  530)  is  the 

largest  louse  found  on  cattle,  being  \^  inch  long  and  much  broader  than 
the  long-nosed  louse,  and  the  head  is  only  a  half  longer  than  broad  and 
bluntly  pointed  in  front.  It  is  said,  to  be  more  common  on  mature 
cattle.  The  eggs  are  white.  The  third  species,3  is  similar  to  the  short- 
nosed  cat  tic  louse,  with  the  head  still  shorter  and  rounded  in  front.  It  is 
only  about  half  as  large  as  the  short-nosed  species,4  and  its  eggs,  which  are 
yellowish,  are  said  not  to  hatch  if  removed  from  the  host. 

Control  Measures. — Cattle  should  be  well  fed,  kept  in  clean,  light, 
well-ventilated  stables,  and  not  overcrowded.  As  soon  as  they  are 
brought  off  pasture  in  the  fall,  the  neck  and  withers  should  be  examined 
for  the  presence  of  lice.  These  will  be  especially  easy  to  see  on  white  or 
light-coated  animals.  If  even  a  few  lice  are  found,  all  animals  in  the  herd 
should  be  treated  with  raw  linseed  oil.  Many  owners  make  it  a  practice 
to  give  the  treatment  even  if  no  lice  are  seen  at  this  time.  The  oil  may  be 
applied  with  a  hand  brush  that  has  some  bristles  long  and  some  short. 
A  pint  of  oil  is  enough  to  groom  4  or  5  cows,  and  10  or  12  animals  can  be 
treated  in  an  hour.  At  least  one  more  application  should  be  given,  12  to 
15  days  later;  and  three  or  four  additional  ones  at  similar  intervals 
throughout  the  winter  will  assure  a  herd  free  from  injury  by  lice.  The  oil 
should  not  be  rubbed  in  too  vigorously,  but  just  enough  applied  so  that 
it  reaches  the  skin.  The  animals  should  be  kept  out  of  strong  sunlight  for 
at  least  12  hours  after  treatment,  and  not  overheated  in  any  way  or 
exposed  to  extreme  cold.  Boiled  or  refined  linseed  oil  should  not  be  used. 
Failure  to  observe  these  precautions  may  result  in  burning  the  skin. 
Where  the  number  of  animals  is  too  large  to  permit  hand  applications, 
they  may  be  sprayed  or  dipped.  This  should  not  be  done  in  cold  weather, 
but  two  or  three  dippings  in  the  fall,  2  weeks  apart,  will  practically  insure 
clean  animals  the  following  winter.  Complete  directions  for  dipping  are 
given  in  U.  S.  Dept.  Agr.  Farmers'  Bull.  909,  which  should  be  studied 
before  dipping  is  undertaken.  Before  treated  animals  are  returned  to 
their  quarters,  the  stalls  and  pens  should  be  thoroughly  cleaned  and  disin- 
fected by  spraying  with  a  coal-tar  preparation  or  with  kerosene  emulsion. 

Reference.— U.  S.  Dept.  Agr.  Farmers-  Hull.  <)()<).  1918. 

lLdnognatku8   {Hcematopinus)    vituli    (Linne),  Order   Anoplura,    Family    Elsema- 
topinids. 

-  Hcematopinus  eurystemua  (Nitzsch),  Order  Anoplura,  Family  Hsematopinide. 

Solenopotea  capillatus  ECnderlein. 
'Bishop?,  F.  (\,  Jour.  Agr.  Res.  Vol.  21,  pp.  797  sol.  L921. 
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Scab  Mite  oh  Pboroptig  Scab 

If  animals  that  are  rubbing  and  scratching,  twitching  the  skin,  and 
shaking  their  heads,  do  not  show  lice  upon  examination,  cattle  sva\> 
should  be  suspected.  An  examination  of  skin  scrapings  under  a  micro- 
scope will  usually  reveal  the  minute  eight-legged  mites  (Fig.  541),  that 
cause  this  trouble  by  puncturing  the  skin  with  their  sharp  mouth  stylets. 
They  are  similar  to  the  mange  mite  but  can  be  distinguished  by  their 
longer  legs  and  minor  differences  in  the  appendages.  They  do  not  burrow 
into  the  skin,  but  rest  and  feed  upon  the  raw  skin,  completely  covered  over 
by  scabs.  Large  scabs  form  on  the  skin  over  the  mites  and  the  hair  comes 
out  in  great  patches.  This  mite  and  its  control  are  further  discussed 
under  Sheep,  page  805. 

Reference.— U.  S.  Dept.  Agr.  Farmers'  Bull.  1017,  1918. 

Follicle  Mite1 

A  minute,  worm-like  mite  sometimes  attacks  cattle,  burrowing  deep 
into  the  natural  pores  of  the  skin  and  causing  lumps  as  large  as  peas  to 
form  about  the  head  and  over  the  shoulders.  It  injures  the  hides.  The 
mites  cannot  easily  be  killed,  and  it  is  best  to  kill  or  market  badly  infected 
animals.  Very  valuable  animals  may  be  cured  by  persistent  dipping,  as 
for  mange. 

Texas-fever  Tick2 

Importance  and  Type  of  Injury. — The  most  destructive  parasite  of 
domestic  animals  throughout  the  Southern  States  is  the  Texas-fever  tick 
(Fig.  531).  For  more  than  a  century  this  pest  has  held  back  the  cattle 
and  dairy  interests  of  the  southern  states,  and  indirectly  the  entire 
agricultural  development  of  these  states.  The  cattle  tick  is  a  blood- 
sucking parasite,  and  is  injurious  to  cattle  in  the  several  ways  described 
above  for  lice  and  flies.  In  addition  to  this  it  is  the  only  means  of  spread 
of  the  disease  known  as  cattle  fever,  tick  fever,  splenetic  fever,  or  Texas 
fever,  from  sick  animals  to  healthy  ones.  The  principal  symptoms  of  tick 
fever  are  a  high  fever,  reddish  discoloration  of  the  urine,  enlarged  spleen, 
congested  liver,  loss  of  flesh  and  condition,  dry  muzzle,  arched  back,  and 
drooping  ears.  Death  results  in  from  10  per  cent  of  the  cases  occurring 
during  the  summer  months,  in  southern  cattle,  to  90  per  cent  of  those 
during  the  autumn  and  early  winter,  especially  among  northern  or 
imported  stock.  The  cause  of  the  disease  is  a  minute  form  of  animal,3 
belonging  to  the  phylum  Protozoa,  that  lives  inside  the  red  corpuscles  of 
the  blood  and  destroys  them,  thus  causing  the  disease.     It  should  be 

1  Demodex  folliculorum  bovis  Stiles,  Order  Acarina,  Family  Demodecidae. 

2  Margaropus  annulatus  Say,  Order  Acarina,  Family  Ixodida?. 
8  Piroplasma  bigeminum. 
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clearly  understood  I  hat  while  t  he  direct  cause  of  t  he  disease  is  a  protozoon, 

the  only  method  of  Bpread  of  the  disease  is  by  the  t)ite  of  the  tick.  If 
there  are  no  ticks  in  a  given  section,  there  can  be  do  Texas  fever.     Ticks 

do  not  pass  from  one  animal  to  another,  but  spend  their  entire  feeding 
period  on  a  single  animal.  The  germs  of  Texas  fever  pass  through  the 
eggs  of  diseased  ticks  to  their  young,  however,  which  later  get  on  new 
animals  and  so  infect  them.  The  presence  of  this  disease  has  meant 
incalculable  loss  to  the  southland  from  the  failure  of  diseased  cattle  to 
make  beef  production  or  dairying  profitable,  and  especially  from  the 
"one  crop  system"  which  has  prevailed  largely  because  of  the  difficulty 


Fig.  531. — Cattle  tick  or  Texas-fever  tick,  Margaropus  annulatus  Say.  At  left,  full 
grown,  engorged,  female  tick,  ready  to  drop  from  animal  and  deposit  eggs;  at  right,  female 
laying  eggs  on  the  ground:  each  female  may  lay  as  many  as  5,000  eggs.  Both  figures  three 
times  natural  size.      (From  U.  S.  D.  A.  Farmers1  Bull.  498.) 

and  discouragements  of  cattle-raising  in  tick-infested  territory.  Accord- 
ing to  the  Department  of  Agriculture,1  the  average  price  of  cattle  in  the 
tick  territory  is  only  about  half  that  for  similar  grades  in  tick-free  states. 
The  hides  are  damaged  from  50  cents  to  $1.25  each  by  the  punctures  of 
the  ticks,  and  milk  yield  is  reduced  from  18  to  42  per  cent,  depending 
on  the  severity  of  the  infestation.  All  in  all,  it  is  generally  estimated  that 
the  tick  costs  southern  agriculture  from  $40,000,000  to  $100,000,000  a 
year. 

Animals  Attacked. — The  Texas-fever  tick  is  found  on  cattle,  horses, 
mules,  sheep,  and  deer,  but  is  chiefly  a  pest  of  cattle.  It  does  not  cause 
fever  in  the  other  animals. 

Distribution. — The  Texas  fever  tick  occurs  only  in  t  he  southern  half  of 
North  America,  in  the  states  south  of  West  Virginia,  Kentucky,  Missouri, 
Kansas,  Arizona,  New  Mexico,  and  Nevada.  The  disease  that  it  trans- 
mits is  prevalent  also  in  Central  and  South  America,  Africa,  Europe,  and 
the  Philippines,  where  it  is  carried  by  other  kinds  of  ticks. 

lU.  S.  Dept.   Agr.   Weekly  News  Letter,  Sept.,  15,  1915. 
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Life  History,  Appearance,  and  Habits.  The  cattle  tick  winters  in  two 
distinct  ways  in  the  south.  Some  individuals  winter  as  eggs  or  minute, 
six-legged,  "seed-ticks,"  about  half  the  diameter  of  a  pinhead  (  '  a-2  inch). 
They  may  be  found  on  the  ground  or  on  grass,  weeds,  and  other  objects  in 
fields  where  infested  cattle  have  pastured.  Other  individuals  winter  as 
nymphs  or  adults  on  the  skin  of  the  cattle.  When  the  ticks  reach 
maturity  they  mate  on  the  animal,  and  then  the  female,  having  fed  to 
repletion  on  blood,  loosens  her  mouth  parts  from  the  skin  and  drops  to  t  lie 
ground.  At  this  time  she  is  nearly  }  <>  inch  long,  the  body  olive-green  to 
bluish-gray,  bean-shaped,  with  hard,  glossy,  and  somewhat  wrinkled  skin 
(Fig.  531,  left).  Kach  female  lays  ordinarily  from  1,500  to  4,000  eggs 
in  a  large  brownish  mass  on  the  soil,  within  2  to  6  weeks  after  leaving  the 

animal.  The  eggs  usuallyr  hatch  in  from  13 
days  to  6  weeks,  but  eggs  may  remain  viable 
for  7  or  8  months.  The  young  that  hatch 
from  the  eggs  are  known  as  "seed  ticks" 
(Fig.  532).  They  crawl  about  actively  on 
the  ground  and  climb  up  on  vegetation, 
often  in  large  bunches,  and  remain  there 
waiting  for  an  animal  to  come  along.  If  an 
animal  brushes  by  them  they  cling  fast  and 
at  once  insert  their  mouth  parts  and  feed  in 
that  one  spot  for  a  week  or  two,  then  shed 
Fig.  532.— Nymphs   or   seed-    their  skin  and  appear  as  nymphs  with  an 

ticks  of  the  Texas-fever  tick,  just  „  ,  .        ..  .      .  .       . 

alter    hatching,    Eight  times    extra  pair  of  legs.     Another  period  of  feed- 
natural  size.    (From  u.  S.  D.  A.    ing  for  about  a  week  enables  them  to  molt 

Farmers'  Bull.  498.)  ,    ,  r  ,    .1  ,  ,   ,.  , 

and  transform  to  adult  males  and  females. 
After  mating,  the  female,  still  feeding,  increases  rapidly  in  size  for  a  few 
days  to  a  few  weeks  before  she  drops  to  the  ground  to  lay  eggs  for  another 
generation.  If  the  seed  tick  is  not  brushed  off  the  vegetation,  it  must 
starve  to  death,  but  may  live  200  to  300  days  before  it  perishes.  There 
are  thus  four  stages  in  the  life  of  a  tick:  the  egg,  the  seed  tick,  the 
nymph,  and  the  adult.  The  life  cycle  is  in  two  periods,  a  parasitic  and 
a  non-parasitic  period.  The  parasitic  period  begins  when  the  tiny  seed 
tick  is  picked  up  by  an  animal,  and  ends  when  the  fully-engorged  female 
drops  from  the  host.  Part  of  the  adult  female's  lifetime,  all  of  the  egg 
stage,  and  most  of  the  seed  tick's  life  are  spent  on  or  near  the  ground.  A 
life  cycle  requires  about  60  days,  at  the  least,  and  there  are  three  genera- 
tions throughout  most  of  the  South. 

Control  Measures. — A  quarantine  maintained  by  state  and  federal 
governments  prevents  the  movement  of  southern,  tick-infested  cattle 
out  of  the  quarantined  area.  The  cattle  tick  cannot  survive  the  winter 
in  the  northern  states.  Without  the  tick  there  can  be  no  fever,  so  that 
cattle  in  the  north,  which  are  very  susceptible,  are  protected  from  the 


INSECTS  INJURIOUS  TO  DOMESTIC  ANIMALS  791 

disease  by  the  quarantine.  In  the  South  two  measures  of  control  have 
gone  hand  in  hand:  (1)  dipping  or  Spraying  animals  with  arsenical  dips 
or  oil  emulsions.  It  has  been  found  that  a  farm  can  be  completely 
freed  of  ticks  by  dipping  all  cattle,  horses,  and  mules  on  the  farm  every 
2  weeks  all  spring  and  summer,  and  allowing  them  to  range  over  the 
pastures  and  pick  up  the  seed  ticks,  between  dippings;  (2)  rotating 
pasture  lands,  that  is,  keeping  all  animals  off  of  certain  fields  until  the 
seed  ticks  will  all  certainly  have  starved,  and  then  putting  on  such  land 
only  cattle  freed  of  ticks  by  dipping.  Both  of  these  measures  have  been 
worked  out  with  the  greatest  of  care  and  are  fully  described  in  U.  S. 
Dept.  Agr.  Farmers'  Bull.  1057.  By  a  combination  of  quarantines, 
dipping,  and  pasture  rotations  in  operation  for  the  past  20  years,  over 
half  a  million  square  miles  of  southern  land  have  been  freed  of  the  curse 
of  Texas  fever.  It  is  expected  that  this  work  will  continue  until  the 
entire  country  is  free  of  the  disease. 

References.— U.  S.  Dept.  Agr.  Farmers'  Bulls.  498,  1912;  569,  1914;  603,  1914; 
U.  S.  Dept.  Agr.  Bur.  Entomol.  Bull.  72,  1907;  U.  S.  Dept.  Agr.  Misc.  Pub.  2,  1927; 
Tenn.  Agr.  Exp.  Sta.  Bull.  113,  1915. 

Other  Ticks 

Several  other  species  of  ticks  attach  to  cattle  and  suck  their  blood,  but  none  of 
them  carry  Texas  fever  or  other  cattle  diseases  so  far  as  known.  The  most  serious 
species  is  the  spinose  ear  tick1  which  is  prevalent  in  the  semiarid  sections  of  south- 
western United  States.  These  ticks  have  the  curious  habit  of  entering  the  outer  ears 
of  cattle,  horses,  dogs,  sheep,  and  other  animals,  where  they  live  and  feed  for  from  1  to  7 
months.  The  ears  may  be  literally  packed  full  of  these  vermin,  which  range  up  to 
1  .j  inch  or  more  in  length.  The  nymphs  leave  the  host,  crawl  into  cracks  about 
buildings,  fences,  or  trees,  and  there  shed  their  skins,  become  adults,  mate,  and  lay 
their  eggs.  The  newly  hatched  "seed  ticks"  subsequently  attach  to  the  skin  of 
the  animals  which  they  infest.  The  ticks  may  be  killed  by  injecting  )--£  ounce  of  a 
warm  mixture  of  pine  tar  2  parts,  and  cottonseed  oil  1  part,  by  means  of  a  syringe, 
into  each  ear.  The  dog  tick,2  which  is  often  found  on  dogs,  commonly  attaches  to 
cattle  pastured  in  woodlands.  The  Rocky  Mountain  spotted-fever  tick  (page  842) 
and  the  lone  star  tick3  also  attack  cattle,  in  regions  where  these  ticks  occur. 

Reference.— U.  S.  Dept.  Agr.  Farmers'  Bull.  980,  1918;  and  1150,  1920. 

Ox  Warbles  or  Cattle  Grubs 

Two  different  botflies  attack  cattle  in  America:  one  is  known  as  the 
striped  ox-warble  fly,  for  which  the  better  name  heel  fly  or  common  cattle 
grub4  has  been  suggested;  the  other  has  been  called  the  European  or 
northern  ox-warble  fly  or  northern  cattle  grub5  and  recently  the  fanciful 

1  Otobius  (Ornithodortu)  megnini  (Duges),  Order  Acarina,  Family  Argasidse. 

1  Dermacentor  dectiu  Koch,  Order  Acarina,  Family* Ixodidse. 

■  Amblyomma  americanum  (Linn6),  Order  Acarina.  Family  Exodidse. 

4  Hypoderma  lineata  DeVHliers,  Order  Diptera,  Family  (Estrids. 

// 7 jhkIi run  bo/'is  !)(>( reer. 
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name  "bomb  fly"  has  been  proposed  for  it.     Their  are  very  Important 
differences  in  the  habits  of  the  two  species,  but  their  life  histories  and 

control    are   sufficiently   similar   to   make   their   consideration   together 
advantageous. 

Importance  and  Type  of  Injury. — Tumors  under  the  skin  of  the  back  at! 
big  as  the  end  of  one's  thumb  contain  each  a  large  fat  maggot  (Fig.  533), 
which  may  be  squeezed  out,  but  which  emerges  when  "ripe"  and  falls 
to  the  ground.     Hairy  flies  about  as  big  as  honeybees  chase  the  animals 

in  pastures,  while  laying  their  eggs  on  them. 
The  cattle  usually  run  wildly  (Fig.  6), 
with  tails  in  the  air,  and  often  injure  them- 
selves in  their  attempts  to  get  away.  The 
small  maggots  from  these  eggs  tunnel  into 
the  skin  and  migrate  through  the  body  for 
about  6  months  before  they  find  lodgement 
in  the  back,  causing  inflammation  and 
suffering;  milk  production  is  reduced; 
growth  and  fattening  checked;  the  quality 
of  the  meat  is  lowered,  where  the  maggots 
tunnel  through  the  flesh  of  the  back;  and 
the  value  of  the  hides  for  leather  is  greatly 
depreciated.  The  loss  from  this  insect  has 
been  estimated  to  run  from  $50,000,000  to 
$120,000,000  a  year  in  the  United  States 
alone.  Bishopp  estimates  that  75  per  cent 
of  the  cattle  in  the  United  States  are  in- 
fested with  from  1  to  about  100  warbles 
each.  In  certain  experiments  a  gain  in 
milk  flow  of  25  per  cent  resulted  when  the 
grubs  were  removed  from  the  back,  and  5  per  cent  gain  in  weight  was 
made  by  animals  from  which  grubs  were  extracted  as  compared  with 
similar  animals  in  which  they  were  allowed  to  develop  to  maturity. 

Animals  Attacked. — Cattle  and  bison,  and  possibly  some  other  wild 
ruminants  and  very  rarely  horses  and  man. 

Distribution. — The  heel  fly  is  the  more  prevalent  and  widely 
distributed  species,  occurring  in  every  state  in  the  union.  The  northern 
ox-warble  fly  does  not  occur  in  the  southern  states  but  is  recorded  as  the 
more  common  species  in  the  northeastern  states.  It  ranges  from  coast 
to  coast  in  southern  Canada  and  the  northern  United  States. 

Life  History,  Appearance,  and  Habits. — Many  erroneous  theories  and 
statements  about  the  life  cycle  of  ox  warbles  are  current  in  print  and 
among  herdsman.  Consequently  the  true  life  cycle,  which  has  now  been 
established  after  more  than  200  years  of  study,  should  be  carefully 
noted.     All  ox  warbles  winter  as  maggots  (Fig.  533),  in  the  backs  of 


Fig.  533. — Common  cattle  grub 
or  heel  fly,  Hypoderma  lirwata  De 
Villiers;  full-grown  larva,  dorsal 
view,  about  twice  natural  size. 
(From  U.  S.  D.  A.  Dept.  Bull. 
1369.) 
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animals,  In  the  Latitude  of  Illinois  the  first  ones  begin  to  appear  under 
the  skin  of  the  back  in  January.  From  that  time  on  until  April  the 
swellings  <';in  easily  be  fell  by  passing  t  he  hand  over  t he  hacks  of  infested 
cattle.     The  presence  of  the  maggots  causes  the  formation  of  a  cyst 

about  them,  and  constant  irritation  by  the  spiny  maggol  keeps  the  walls 
of  the  cyst  inflamed,  and  the  warble  lives  on  the  secretions  or  suppuration 
inside  the  cyst  wall.  Soon  after  reaching  the  back,  the  larva  cuts  a 
small  hole  through  the  skin  through  which  it  takes  air.  The  maggot 
grows  rapidly  unt  il  it  is  about  1  inch  long  and  very  thick.  When  mature. 
it  changes  from  white  to  dark  brown  or  black,  and  finally  squeezes  its 
body,  tail  foremost .  through  the  hole  in  the  skin  and  drops  to  the  ground, 


Fig.  534. — Common  cattle  grub  or  heel  fly,  Hypodcrma  lineata  De  Yillicrs;  male,  about 
four  times  natural  size.      (From  U.  S.  D.  A.  Dept.  Bull.  1369.) 

usually  in  the  morning.  The  larva?  become  mature  and  are  leaving  the 
back  over  a  period  of  5  or  6  months,  from  January_to  June  in  the  North, 
and  from  November  to  March  in  the  South.  Having  freed  itself  from 
the  animal  the  maggot  seeks  protection  on  or  in  the  soil,  and  changes 
through  a  hard-skinned  pupal  period,  to  the  adult  fly,  which  splits  open 
the  end  of  its  case  and  emerges  about  5  weeks  later.  The  flies  (Fig. 
534),  may  be  found  about  cattle  from  April  to  September  although  any 
one  fly  probably  lives  only  a  few  days  and  takes  no  food.  .  The  earliest 
flies  to  appear  are  the  heel  fly,  the  northern  ox-warble  fly  appearing  a 
month  or  so  later.  The  heel  fly  also  disappears  in  midsummer,  while 
the  other  species  continues  in  the  adult  stage  until  the  end  of  summer. 
In  southwest  Texas,  Bishopp  reports  the  heel  fly  as  active  throughout  the 
warm  periods  of  the  winter. 
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The  eggs  of  these  flies  are  never  laid  on  the  back  near  tin- 
spot  where  the  tumors  appear,  but  mostly  about  the  legs.  The 
northern  ox-warble  fly  is  active  chiefly  on  hot  sunny  days  and  is 
very  t  act  less  in  laying  its  eggs.  It  darts  at  the  animal  with  much  buzzing 
and  clings  to  the  skin  for  a  second  while  it  glues  an  egg  fast  to  the  base 
of  a  hair.  Then  it  retreats  and  in  a  few  minutes  strikes  again.  This 
quickly  excites  the  animals  though  it  does  not  seem  that  it  could  hurt 
them,  and  they  throw  their  tails  in  the  air  and  start  to  run  wildly.  The 
fly  follows  until  it  loses  its  victim  in  the  underbrush  or  in  water.  As 
many  as  800  eggs  may  be  laid  by  one  fly,  one  to  a  hair  here  and  there  over 
the  hind  legs,  especially  near  the  hock  and  the  knee,  and  also  on  the  belly. 
This  sudden  stampeding  of  the  herd  is  one  of  the  serious  phases  of  injury 

by  this  fly  and  the  thing  which  suggested  the  name 
"bomb  fly."  The  heel  fly  is  sneaking  in  its  egg  lay- 
ing. It  generally  alights  in  the  shadow  near  an 
animal,  and  if  the  animal  is  standing,  quietly  backs 
up  and  tucks  its  eggs  among  the  hairs  of  the  "heels" 
or,  if  the  animal  is  lying  down,  attaches  them  to 
such  hairs  as  it  can  reach  along  the  flanks,  while 
standing  on  the  ground.  |  Egg  laying  causes  no  pain 
and  the  fly  is  usually  unnoticed,  so  that  it  may  lay 
a  dozen  or  more  eggs  on  one  hair  in  a  row  like  the 
teeth  of  a  comb  (Fig.  535).  In  from  3  days  to  1  week 
the  eggs  of  either  species  hatch,  and  the  minute  larva 
crawls  down  the  hair  and  bores  into  the  skin  near 
its  base.  Penetration  of  the  skin  takes  several  hours. 
It  then  disappears  from  external  view  at  a  point 
usually  on  the  legs,  and  is  next  found  in  the  region  of 
the  pharynx  or  cesophagus,  several  months  later.  Where  it  has  been  in 
the  meantime  can  only  be  guessed.  Animals  butchered  in  autumn  often 
disclose  one-fourth-  to  one-half- grown  larva?  in  the  walls  of  the  cesophagus. 
The  maggots  are  constantly  on  the  move,  thus  avoiding  the  attacks  of 
white  blood  corpuscles,  and  there  is  every  reason  to  believe  their  visit 
to  the  cesophagus  is  only  incidental  to  their  general  wandering  about  in 
the  connective  tissue  of  the  animal's  body.  At  the  approach  of  winter 
the  maggots  begin  to  disappear  from  the  gullet,  and  soon  appear  under 
the  skin  of  the  back,  where  growth  is  completed.  According  to  Bishopp, 
the  common  cattle  grub  spends  an  average  of  58  days  in  the  larval  stage 
after  reaching  the  back,  and  the  northern  cattle  grub  an  average  of  73 
days  in  this  situation.     There  is  but  one  generation  a  year.  J 

Control  Measures. — It  will  be  clear  from  the  life  cycle  of  ox  warbles 
i  hat  they  can  most  easily  be  attacked  when  the  maggots  are  in  the  backs 
of  cattle,  from  December  to  June.  It  should  be  clearly  understood, 
however,  that  destroying  the  maggots  at  this  time  is  destroying  them 


Fig.  535. — Common 
cattle  grub  or  heel  fly, 
ojziirs  attached  to  hair 
of  a  cow.  (From  ('.  S. 
I).  A.  Dipt.  Bull.  1369). 
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after  they  bave  done  most  of  the  damage  i  hat  those  particular  individuals 
will  do.  Unless,  therefore,  the  job  is  done  thoroughly  enough  and  over 
wide  enough  territory  to  cut  down  the  fly  population  materially  during 
the  following  summer,  little  good  will  result.  All  the  stockmen  over  a 
considerable  area  should  cooperate  to  make  the  clean-up  most  effective. 
Every  animal  should  he  gone  over  three  or  four  times  at  intervals  of  1 
month,  beginning  in  early  I  )ecember  in  the  South  and  about  the  end  of 
January  in  the  North.  The  grubs  may  be  squeezed  out,  pulled  out  with 
very  slender  forceps,  or  treated  by  rubbing  into  the  opening  to  each 
tumor  a  small  lump  of  a  mixture  of  iodoform  1  part  in  vaseline  5  part.-. 
This  last  method  is  considered  best  because  the  other  methods  are  likely 
to  crush  the  maggots  and  it  is  considered  dangerous  to  burst  them  under 
the  skin,  because  of  the  poisonous  nature  of  their  body  fluids.  In  Den- 
mark a  pump  has  been  used  that  sucks  out  the  maggot  and  the  pus  sur- 
rounding it.  If  the  warbles  are  removed  mechanically  they  must  be 
killed  before  being  thrown  down.  No  practical  method  of  control  is 
known  for  cattle  on  the  range. 

References. —  U.  S.  Dept.  Agr.  Dept.  Bull.  1369,  1926;  Dom.  Can.  Dept.  Agr.  Health  of 
Animals  Branch  Bull.  16,  1912;  and  Sci.  Ser.  Bulls.  22,  1916  and  27,  1919;  Jour.  Agr. 
Research,  Vol.  21,  pp.  439-457,  1921. 

Screw  Worm  Fly1 

Importance  and  Type  of  Injury. — A  dark,  shiny,  blue-green  blowfly, 
a  half  larger  than  the  house  fly,  with  three  black  stripes  on  the  back 


Fig.   536. — Larva  of  screw  worm  fly,   side  view,   about  four  times  natural   size.      (From. 

U.  S.  D.  A.  Farmers'  Bull.  857.) 

between  the  wings,  and  a  reddish-yellow  face  (Fig.  537),  lays  eggs  in 
wounds  on  animals,  such  as  barbed-wire  cuts,  scratches  from  fighting, 
blood  spots  where  ticks  or  other  flies  have  bitten  the  animal,  brand 
marks,  and  wounds  from  dehorning  or  castrating.  The  maggots  of 
these  flies  (Fig.  11),  start  to  feed  in  the  wounds,  but  soon  invade  the 
sound  tissue,  tearing  it  with  their  mouth  hooks.  Wounds  are  prevented 
from  healing,  and  the  sickened  animal  hides  away  in  the  woods  or  brush, 
refusing  to  eat  and  frequently  dying  if  not  found  and  treated.  The 
habits  of  this  fly  fit  it  admirably  to  spread  such  diseases  as  anthrax, 

1  Cochliomyia  macellaria  (Fabricius),  Order  Diptera,  Family  Museida?. 
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blackleg,  and  hog  cholera,  and  it  is  believed  thai  such  may  be  1 1 1 « -  ca 

Animals  Attacked,  Cattle,  hogs,  horses,  mules,  sheep,  goats,  man, 
dogB,  and  other  domestic  and  wild  animals. 

Life  History,  Appearance,  and  Habits.  The  overwintering  Btage  of  the 
screw  worm  is  not  definitely  known.  The  adults  are  active  throughout 
the  winter  in  extreme  south  Texas  and  begin  to  appear  on  the  wing  from 
early  April  to  mid-June  farther  north.  They  are  attracted  to  any  decay- 
ing meat  or  raw  flesh,  either  the  carcass  of  an  animal  that  has  not  been 
buried,  or  a  superficial  wound  on  a  living  animal,  in  which  they  lay  their 
eggs.  A  single  female  has  been  known  to  deposit  over  1,200  eggs.  The 
eggs  hatch  in  from  a  few  hours  to  a  few  days,  and  the  maggots,  at  first 


Fig.  537. — Adult  of  screw  worm  fly,  Cochliomyia  macellaria  (Fabricius) ;  about  five  times 
natural  size.      {From  U.  S.  D.  A.  Farmers'  Bull.  857.) 


very  tiny,  begin  plowing  through  the  flesh,  tearing  and  breaking  it  down 
and  consuming  the  products.  They  grow  very  rapidly  and  may  be  % 
inch  long  in  4  or  5  days,  when  feeding  on  living  flesh,  or  in  1  to  3  weeks 
in  carcasses.  They  are  of  typical  maggot  shape  (Fig.  536),  about  % 
inch  long,  white,  with  elevated  spinose  circlets  at  each  segment,  somewhat 
suggesting  the  ridges  on  a  screw.  The  larva  may  penetrate  very  deeply 
into  the  flesh,  but  must  always  return  to  the  surface  to  breathe  through 
its  spiracles  at  the  large  or  tail  end  of  the  body.  The  full-grown  maggots 
drop  out  of  the  flesh  and  burrow  into  the  soil  an  inch  or  more  to  change 
from  the  maggot  stage  to  the  fly  inside  the  brown  seed-like  skin  or 
puparium.  From  a  few  days  to  2  weeks  later  they  are  out,  and  soon 
ready  to  lay  more  eggs.  It  is  said  that  a  million  flies  may  develop  in  the 
carcass  of  1  cow,  a  generation  requiring  only  a  few  weeks. 
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Control   Measures.      Screw  worm   flics  do  DOl    Usually  become  serious 

in  live  stock  until  they  have  developed  fco  unusual  abundance  by  breeding 
in  carcasses.  The  carcasses  of  all  animals,  both  wild  and  domestic, 
should  be  completely  burned  or  else  buried  deeply  so  thai  Beveral  feel  of 
closely  packed  soil  covers  them,  within  a  few  days  after  death.  Every 
precaution  should  be  taken  to  avoid  the  injuries  to  animals  in  which  the 
screw  worms  start.  Dehorning,  castrating,  and  similar  operations  on 
animals  should  be  performed  during  the  winter  half  of  the  year  and 
breeding  of  the  animals  controlled  so  that  the  young  are  born  during  the 
same  period;  when  flies  are  absent.  Trapping  of  the  adult  flies  is  recom- 
mended in  U.  S.  Dept'.  Agr.  Farmers7  Bull.  857. 

If  animals  are  infested,  the  wound  should  be  treated  with  benzol  or 
chloroform,  the  dead  maggots  subsequently  removed,  and  the  wound 
washed  with  a  5  per  cent  solution  of  carbolic  acid  in  water  and  dressed 
with  commercial  pine-tar  oil,  to  keep  the  flies  away. 

References. — U.  S.  Dept.  Agr.  Farmers'  Bull.  857,  1926;  U.  S.  Dept.  Agr.  Dept.  Bull. 
1472,  1927;  Jour.  Agr.  Research,  Vol.  31,  pp.  885-888,  1925;  Jour.  Econ.  Entomol. 
Vol.  19,  pp.  536-539,  1926. 

C.  INSECTS  ATTACKING  HOGS 
FIELD    KEY   FOR   THE   IDENTIFICATION    OF   INSECTS    INJURING   HOGS 

A.  Free-flying  insects  that  alight  on  the  animals   to   suck  blood,   coming   and   going 
repeatedly: 

1.  Flies  of  the  size  and  appearance  of  the  house  fly,  often  cluster  about  the  ears  and 
in  other  places  on  the  hody  and  suck  blood  from  the  animals,  causing  much  pain. 
They  can  be  recognized  by  the  slender,  stiff  beak  that  projects  forward  from  the  lower 
side  of  the  head;  by  the  broad  abdomen,  that  is  gray  with  four  to  six  black  spots;  and 
by  the   palps,   that  are  less  than  half  as  long  as  the  beak.     Stable  fly,  page  802. 

2.  Heavy-bodied,  swift,  brownish  to  black  flies,  %  to  1  inch  long,  with  two  clear 
or  banded  wings,  alight  on  animals  and  suck  their  blood,  usually  leaving  a  drop  or  two 
of  blood  exuding  from  the  puncture.  Especially  troublesome  about  marshes,  swampy 
woods,  or  meadows,  and  on  warm  sunny  days.     Horseflies,  page  768. 

3.  Very  small,  stout,  black  flies,  less  than  %  inch  long,  with  a  humped  thorax, 
thick,  11-segmented  antennae  as  long  as  the  head,  two  broad,  delicately  veined  wings, 
and  stout  legs,  pierce  the  skin  and  suck  the  blood  especially  about  the  eyes,  ears,  and 
nostrils,   causing  extreme   pain.     Black  flies,  turkey  gnats  or  buffalo  gnats,  page  832. 

B.  Wingless  insects  that  crawl  or  jump  upon  the  body  to  bite  and  suck  blood,  but  do  not 
spend  their  entire  lives  on  the  animal: 

1.  Small,  brown,  wingless  insects,  about  ^6  inch  long,  very  flat  from  side  to  side 
and  with  long  hind  legs,  jump  vigorously  when  disturbed.  Cat  flea,  dog  flea,  human. 
flea,  and  others,  page  839. 

C.  Wingless  insects  that  stay  on  the  animals  all  of  the  time: 

1.  Hogs  rub  and  scratch.  Large,  flattened,  grayish,  wingless  lice,  up  to  }  \  inch 
long,  with  head,  thorax,  abdomen,  and  legs  bordered  with  black;  head  and  legs  long, 
the  latter  with  a  peculiar  hook  at  the  end  to  clasp  about  hairs;  mouth  parts  withdrawn 
into  the  head  when  not  sucking  blood:  especially  abundant  in  folds  of  the  skin.  The 
large,  yellowish-white  eggs  are  glued  to  the  hairs  on  lower  half  of  body.  The  only 
louse  of  the  hog.     Hog  louse,  798. 
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2.  Hogs  ml)  vigorously.  The  haii  stands  erect,  the  akin  aboirl  the  ears,  on  top  of 
the  neck,  on  the  withers,  and  down  the  back  to  tin'  base  <>t  the  tail  becomes  cracked 
and  scabby.  Caused  by  minute,  Bhort-legged,  rounded  mites,  just  big  enough  to  be 
seen,  thai  burrow  into  the  skin.     Mange  mite,  page  800. 

3.  Tender  skin  about   muzzle,  eyes,  or  inner  side  of  legs  forms  small  hard  pimples 

from  the  size  of  a  pinhead  to  thai  of  a  small  marble,  winch  are  filled  with  a  yellowish 

pus.      Follicle  miles,  page  801. 

('.   Spiny  worms  or  maggots  that  lire  in  the  Jlesh  of  wounds: 

1.  Slender,  whitish  maggots,  up  to  ;i  (  inch  long,  blunt  behind  and  tapering  to  a 
point  in  front,  with  elevated  spiny  rings  about  the  segments  giving  them  a  screw-like 
appearance,  burrow  into  the  flesh  of  wounds  and  abrasions  or  into  the  body  through 
its  natural  openings.  The  eggs  are  laid  in  scratches,  wounds,  or  natural  body  openings 
by  a  dark,  bluish-green  fly,  about  :\s  inch  long,  with  three  black  stripes  on  thorax  and 
a  reddish  face.     Screw  worm  Jly,  pages  795  and  802. 

So  far  as  its  insect  parasites  are  concerned,  the  hog  sustains  its 
reputation  of  being  a  hardy  and  healthy  animal.  It  has  only  two  serious 
insect  parasites,  the  hog  louse  and  the  mange  mite,  besides  which  it  is 
attacked  to  some  extent  by  several  kinds  of  flies. 
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Hog  Louse 

Importance  and  Type  of  Injury.— The  only  louse  found  on  the  body  of 
hogs  is  a  blood-sucking  louse  (Fig.  538),  very  similar  in  appearance  to  the 
short-nosed  cattle  louse,  but  about  twice  as  large  when  mature.  It 
reaches  a  length  of  nearly  }^  inch,  and  is  the  largest  blood-sucking  louse 
found  on  any  farm  animal.  On  account  of  its  size,  it  is  easily  seen, 
although  its  color  is  a  dirty  gray-brown,  almost  matching  the  skin  of  the 
hog.  The  margins  of  the  body  and  appendages  are  bordered  with  black. 
The  lice  torment  the  hogs  by  piercing  the  skin  to  suck  the  blood.  This 
causes  the  animals  to  rub  vigorously  against  feed  troughs  and  fences  and 
to  scratch  with  their  feet.  The  skin  becomes  thick,  cracked,  tender,  and 
sore,  the  animals  restless  and  unprofitable. 

Animals  Attacked. — Hog  lice  do  not  infest  other  kinds  of  live  stock. 

Life  History,  Appearance,  and  Habits. — The  lice  (Fig.  538),  are  most 
noticeable  on  hogs  in  cold  weather.  In  winter  they  usually  cluster  in 
small  clumps  on  the  inside  of  the  ears  or  in  folds  of  skin  about  the  neck 
or  on  the  inside  of  the  upper  part  of  the  legs.  Big  and  little  together,  they 
cling  to  the  hairs  by  their  legs,  which  are  adapted  to  clamp  about  the  hair 
very  securely.  They  feed  frequently,  puncturing  the  skin  each  time  with 
very  slender  stylets,  which  are  completely  withdrawn  into  the  head  when 
not  feeding.  Egg  laying  goes  on  all  winter  long,  a  female  laying  from 
three  to  six  eggs  a  day,  gluing  each  fast  to  a  hair  close  to  the  skin.  The 
eggs  (Fig.  538)  are  big  enough  to  be  seen,  elongate,  the  smaller  end  glued 
by  one  side  to  the  hair,  the  other  end  with  a  rounded  cap.  They  are 
whitish  in  color  when  fresh,  but  after  a  few  days  become  stained  yellow 

1  Haematopinus  suis  (Linne),  Order  Anoplura,  Family  Fhematopinidrc. 
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or  brownish.     Most  of  the  eggs  are  found  on  the  lower  half  of  the  body. 

In  2  Or  3  weeks  the  small   louse  pushes  off  1h**  cap  of  the  cgjrs,  seeks  ;i 

tender  place  on  the  skin  and  sucks  blood  until  satisfied.  !t  then  with- 
draws its  mouth  parts  and  soon  lutes  in  another  place.  The  young  are 
Of  the  same  shape  as  the  adults,   but    pale-colored.       In   2  weeks,   during 

which  time  they  molt  three  times,  they  are  full-grown,  and  mating  and 
egg  laying  begin  at  once.  The  females  live  about  5  weeks,  during  the 
last  3  of  which  they  lay  eggs  almost  every  day.  There  are  probably  six 
to  a  dozen  or  more  general  ions  a  year.  All  stages  are  passed  on  t  he  host . 
The  lice  never  volunl  arily  leave  a  hog  except  when  t  hey  can  crawl  direct  ly 
upon  the  body  of  another  hog.  If  dislodged  from  the  animal  they  rarely 
live  more  than  :l  days. 


Fig.  538. — 'Female  hog  louse,  Hcematopinus  suis  (Linne),  and  e<ry;  attached  to  hair.      About 
six  times  natural  size.      (From  U.  S.  D.  A.  Farmers    Bull.  1085.) 

Control  Measures. — Where  the  number  of  hogs  in  the  herd  is  not  too 
large,  the  best  method  of  treatment  is  to  apply  a  thin  even  coat  of  oil  all 
over  their  bodies  with  a  fine-bristled  brush.  Especial  attention  should 
be  given  to  the  inside  of  the  ears,  the  folds  of  the  skin  about  the  neck 
and  the  inner  surface  of  the  thighs,  to  be  sure  that  all  eggs  are  wet  with 
the  oil.  Any  of  the  following  mixtures  is  satisfactory:  (a)  crude  petro- 
leum, (b)  raw  linseed  oil,  (c)  half  and  half  kerosene  and  lard,  or  (d)  equal 
parts  kerosene  and  cottonseed  oil.  Every  animal  in  the  herd  should  be 
treated  and  again  in  2  weeks.  Hogs  must  be  kept  out  of  the  sun  and 
not  driven  or  excited,  for  a  day  after  oiling.  A  simple  and  effective 
method  of  treatment  is  to  apply  crude  oil  or  used  crank-case  oil  directly 
to  the  hogs  by  means  of  a  sprinkling  can.  Two  or  three  applications 
should  be  made  at  intervals  of  2  or  3  weeks. 

If  animals  cannot  be  treated  by  hand,  they  should  be  dipped  in 
natural  crude  petroleum  or  the  processed  fuel  oil  or  in  one  of  the  com- 
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meroial  coal-tar-creosote  dips.  Suggestions  for  dipping  and  detailed 
plans  for  a  dipping  vat   arc  given  in  U.  8.  Di pi.  <\</r.  Farmers*  Hull. 

Ins.").  The  Department  of  Agriculture  recommends  the  construction  of 
ecu  lent  hog  wallows  to  contain  3  or  4  inches  of  water,  to  which  is  to  be 
added  once  a  week  a  quart  of  crude  petroleum  for  each  hog.  A  day  or 
two  after  each  application  of  oil,  the  wallow  is  drained  and  the  hogs  air 
given  water  without  oil  the  rest  of  the  week.  A  1  per  cent  solution  of 
pine  tar  in  water  may  be  used  instead  of  the  petroleum  on  water. 
Such  a  wallow  should  be  built  in  a  shady  place,  all  other  wallows  done 
away  with,  and  the  oil  added  in  the  evening,  and  not  until  the  hogs  are 
accustomed  to  using  the  wallow  with  water  alone. 

The  so-called  hog  oilers,  consisting  of  an  oil-saturated  fabric  of  some 
kind,  wrapped  about  a  post,  or  commercial  metal  hog  oilers  against 
which  the  hog  may  rub  and  so  wet  its  skin  with  oil,  cannot  treat  the  parts 
of  the  body  worst  infested.  The  lice  cannot  live  off  the  host  more  than  a 
few  days,  and  do  not  breed  in  the  bedding. 

References.— U.  S.  Dept.  Agr.  Farmers'  Bull.  1085,  1920;  Term,  Agr,  Exp.  Sta. 
Hull.  120,  1918. 

Mange  Mites1 

When  hogs  are  scratching  and  rubbing  vigorously,  if  an  examination 
does  not  reveal  the  large  gray  hog  lice  it  is  probable  that  the  animals  are 
infested  with  mange  mites  (Fig.  539).  If  the  skin  about  the  eyes,  ears, 
and  along  the  top  of  the  neck  and  back  is  inflamed,  scurfy,  scabby,  with 
small  pimples,  or  cracked  and  raw,  scrapings  from  the  skin  should  be 
made.  It  is  necessary  to  scrape  with  a  dull  knife  until  the  blood  starts, 
to  get  the  mites  out  of  their  burrows.  Spread  the  scrapings  out  over  some 
dark  surface  and  examine  under  a  hand  lens  or  magnifying  glass,  in  a 
warm  place.  If  minute,  pale-colored,  nearly-round,  eight-legged  mites 
(Fig.  525)  are  found  crawling  among  the  scrapings,  the  hog  is  infested 
with  common  mange,  which  is  further  discussed  under  the  insects 
attacking  horses. 

Control  Measures. — The  control  of  mange  is  the  same  as  for  hog  lice, 
but  very  thorough  applications  are  necessary.  One  dipping  in  crude 
petroleum  is  said  to  eradicate  both  lice  and  mange.  Mange  is  very 
contagious,  and  all  animals  in  the  herd  should  be  treated,  whether  they 
seem  to  be  infested  or  not.  Healthy  animals  must  be  kept  so  that  they 
cannot  touch  infested  ones  until  the  latter  are  treated,  and  pens  harboring 
infested  animals  must  be  disinfected,  since  the  mites  or  their  eggs  may 
live  off  the  animal  for  several  weeks. 

Reference— U.  S.  Dept.  Agr.  Farmers'  Bull.  1085,  1920. 

1  Sarcoptes  scabiei  suis  Gerlach,  Order  Acarina,  Family  Sarcoptidae. 


INSECTS  INJURIOUS  TO  DOMESTIC    iNIMALS 


801 


Follicle  Mites 

Sometimes  hogs  become  infested  with  another  kind  of  mite1  which  lives  in  the  hair 
follicles  about  the  muisle,  eyes,  base  of  tail,  <»r  on  the  tender  skin  on  the  inner  sides 
of  (lie  legs.  The  skin  becomes  red  and  inflamed,  and  small  hard  pimples  ranging  in 
size  from  that  of  a  pinhead  to  lumps  as  l>i«  as  :i  small  marble  form  and  break,  dis- 
charging a  yellowish  cheesy  pus.  The  trouble  is  caused  by  ;i  very  minute,  -lender, 
worm-like  mite,  with  four  pairs  of  very  short  logs. 


Fig.  539. — A  severe  case  of  hog  mange,  showing  pimple-liko  scabs  caused  by  the  mites. 

(From  U.  S.  D.  A.  Farmers'  Bull.  1085.) 

Animals  Attacked. — Cattle,  dogs,  hogs,  and  man  are  affected. 

Control  Measures. — On  account  of  the  fad  that  the  mites  burrow  so  deeply  in  the 
skin,  there  is  no  practical  way  to  cure  an  infested  herd.  Badly  infested  animals 
should  be  killed,  the  others  fattened  for  butchering  and  disposed  of  as  Boon  as  prac- 
ticable. The  premises  should  be  disinfected  with  a  1-  to-15  lime-sulfur  spray,  kerosene 
emulsion,  or  one  of  the  commercial  dips,  before  restocking  with  healthy  hogs. 

1  Demodex  phyUoidea  Csokor  or  Demodex  foUiculorum  wis,  Order  Aearina,  Family 
Demodicida). 
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The  Btable  fly  (Fig.  522),  bites  hogs  severely  about  th<'  head  and  ears  or  al  cracks 

or  scratches  in  the  skin.     Besides  t  he  controls  given  on  page  77'_\  ;i  deep,  dusty  furrow 

in  which  hogs  may  lie  should  he  provided.  Horseflies,  (Fig.  521),  black  flies,  (Fig. 
f>f)l),  and  mosquitoes  also  bite  hogs  when  abundant.     These  pests  are  discussed  under 

Horses  and  Cattle.  The  screw  worm  fly,  (Fig.  537)  attacks  all  kinds  of  wounds, 
scratches,  and  sores  on  hogs,  laying  its  eggs  in  them,  and  the  maggots  invade  the 
sound  flesh  and  prevent  the  wound  from  healing.  Treatment  is  the  same  as  given 
under  Cattle. 

Fleas 

These  well-known  little  pests  (Fig.  555),  often  increase  to  great  numbers  about 
hog  lots,  doubtless  making  life  very  uncomfortable  for  the  hogs,  as  they  do  also 
for  any  persons  who  come  near.  Mules  and  horses  kept  near  infested  hog  lots  are 
often  annoyed.  (Meaning  up  the  litter  and  spraying  with  creosote  oil  give  an  effective 
cleanup,  according  to  Bishopp.     Fleas  are  further  discussed  as  pests  of  man,  page  839. 

D.  INSECTS  AFFECTING   SHEEP  AND   GOATS 

FIELD  TABLE  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  SHEEP 

AND  GOATS 

A.  Free-flying    insects   that   alight   on   the   intimitis   to   suck   blood,   coming    and    going 
repeatedly: 

1.  Flies  of  the  size  and  general  appearance  of  the  house  fly  suck  blood  especially 
from  the  legs,  causing  the  animals  to  stamp  their  feet.  Distinguished  from  the  house 
fly  by  its  stiff,  slender  beak,  sticking  straight  forward  from  the  under  side  of  the  head, 
by  its  broader  black-spotted  abdomen  and  grayer  appearance,  and  by  the  bristle 
on  antenna  having  hairs  on  its  upper  side  only.  Palps  less  than  half  as  long  as  pro- 
boscis.     Usually  rests  with  its  head  upward.     Stable  fly,  page  770. 

2.  Very  small,  stout,  black  flies,  less  than  }£  inch  long,  with  a  humped  thorax, 
thick,  11-segmented  antennas,  as  long  as  the  head,  two  broad,  delicately  veined  wings, 
and  stout  legs,  pierce  the  skin  and  suck  the  blood,  especially  about  the  eyes,  ears,  and 
nostrils,  causing  extreme  pain.     Black  flies  or  buffalo  gnats,  page  832. 

B.  Insects  that  stay  on  the  animal  all  of  the  time: 

1.  Chestnut-brown,  wingless,  flattened,  tick-like  insects  about  }i  inch  long,  with  a 
leathery  spiny  skin,  a  sack-like,  unsegmented  abdomen,  short  head,  and  six  tapering, 
wide-spread  legs,  cling  to  the  skin  beneath  the  wool  and  suck  blood.  Often  very 
severe  on  lambs.  No  exposed  egg  or  larval  stage;  the  rounded,  brownish,  ovate  puparia, 
about  %  inch  across,  are  often  wrongly  called  "nits."  The  maggots  are  born  full- 
grown  and  glued  to  the  wool,  especially  about  the  neck.  Sheep  tick,  louse  fly  or 
feed,  page  803. 

2.  The  wool  comes  out  in  patches,  "tagging"  to  weeds,  fences,  etc.,  on  which  the 
animals  rub,  leaving  bare,  scabby  places  on  the  skin.  Under  these  scabs  may  be 
found  thousands  of  minute,  eight-legged,  oval-bodied  mites,  just  visible  to  the  naked 
eye,  which  pierce  the  skin  with  their  mouth  parts,  causing  an  exudation  that  hardens 
over  them  as  a  scab.     They  do  not  burrow  into  the  skin.     Scab  mite,  page  805. 

3.  A  very  small,  brownish  louse  with  a  broad  red  head,  only  about  }4o  inch  long> 
is  found  among  the  wool  and  on  the  skin  of  sheep,  causing  them  to  rub  and  scratch. 
Red-headed  sheep  louse,  page  807. 

4.  A  louse  up  to  3>i2  mch  l°ng>  the  body  tapering  toward  the  front,  the  head  as 
broad  as  long,  and  two  transverse  rows  of  hairs  on  each  abdominal  segment,  is  found 
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among  the  short  ooarae  hairs  of  the  l<'gs  below  the  true  wool.     Bloodsucking  fooi 
louse,  page  807. 

5     \i)oui  the  smile  si/(>  and  appearance  as  />',  1,  I >ut  occurs  over  entire  body  and 

face  under  t  he  wool,  somet  imes  in  clusters.      Slightly  more  slender  t  han  1  he  fool  louse, 
and  the  head  twice  as  long  as  broad.      Wool  about    the  clusters  of  lice  generally  dis- 
colored by  the  small  pellets  of  excrement.      Blood-sucking  body  louse,  page  s<>7. 
( '.    Maggot*  ^u'f  ^rc  '"  ^"'  U""H  Cavities  of  the  head  or  under  the  wool  or  in  sores: 

1.  Animals  are  nervous,  push  their  noses  between  other  sheep  or  into  the  dust, 
paw  with  their  feet,  shake  their  heads,  run  with  heads  held  low,  and  sneeze.  There  is 
a  copious,  foul  discharge  from  the  nostrils.  This  trouble  is  caused  by  a  grayish-brown 
fly,  about  J  ■>  inch  long,  which  deposits  small,  active  maggots  in  the  nostrils.  Tin; 
maggots  work  upward  through  the  nostrils  and  then  tunnel  through  the  nasal  and 
frontal  sinuses,  frequently  causing  death.  These  larvae  are  fleshy,  creamy  white, 
and  brownish  banded,  finally  reaching  a  length  of  about  1  inch.  " 'Grub-in-the-head ', " 
"staggers"  sheep  bot  or  sheep  nose  fly,  page  808. 

2.  Slender,  whitish  maggots,  blunt  behind,  tapering  in  front,  up  to  Y±  inch  long, 
burrow  in  matted,  soiled  wool,  or  into  the  flesh,  especially  at  points  injured  by  "ticks" 
or  other  piercing  insects  or  by  dogs.  Eggs  are  laid  by  a  brilliant  green  or  a  blue, 
metallic  fly,  larger  than  the  house  fly,  about  %  inch  long.  Green-bottle  fly ,  screw  worm 
fly  or  black  blowfly,  page  810. 

(ii  neral  References. — "Parasites  and  Parasitic  Diseases  of  Sheep,"  U.  S.  Dent.  Agr. 
Farmers'  Bull.  1150,  1920;  "Insect  Parasites  of  Goats  in  the  United  States,"  National 
Angora  Record  Jour.  Vol.  1,  No.  1,  September,  1922. 

Sheep  Tick,  Louse  Fly,  or  Ked1 

Importance  and  Type  of  Injury. — The  sheep  "tick"  (Fig.  540),  is  one 
of  the  most  remarkable  insects  known.  It  is  not  a  tick,  like  the  Texas- 
fever  tick  or  spotted-fever  tick,  but  is  a  degenerate  louse-like  fly  that  has 
completely  lost  its  wings.  It  crawls  about  over  the  skin  among  the  wool 
and  feeds  by  thrusting  its  sharp  mouth  parts  into  the  flesh  and  sucking 
blood.  It  causes  sheep  to  rub,  bite  and  scratch  at  the  wool,  thus  spoiling 
the  fleece;  and,  when  abundant,  the  animals  are  unthrifty  and  unprofit- 
able. Estimates  by  a  large  number  of  sheep  owners  some  years  ago 
indicate  that  the  presence  of  this  insect  causes  a  loss  amounting  to  20  to 
25  cents  a  head  a  year  on  the  average  in  weight  and  wool  production. 
If  this  estimate  is  correct,  the  sheep  tick  taxes  the  sheep  industry  of  this 
country  several  million  dollars  a  year  on  the  approximately  40,000,000 
head  of  sheep  kept  by  American  farmers.  They  are  especially  severe  on 
lambs,  to  which  they  migrate  readily  from  the  ewes. 

Animals  Attacked. — Sheep  only. 

Distribution. — Nearly  cosmopolitan. 

Life  History,  Appearance,  and  Habits. — The  second  remarkable  thing 
about  the  sheep  tick  is  its  method  of  reproduction.  Unlike  true  ticks, 
which  always  drop  to  the  ground  to  lay  eggs,  the  sheep  tick  spends  its 
whole  life  on  the  animals.  Two  life  stages  are  commonly  found  on  sheep 
at   any  season  of  the  year.     The  adults   (Fig.   540),   which   are  brown, 

1  Mrlophagus  annus  Linne,  Order  Diptera,  Family  Hippoboscidse. 
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wingless,  and  six-legged,  have  a  broad,  leathery,  unseginented,  sac-like 
abdomen.  The  thorax  is  small,  the  legs  widespread,  the  first  pair  appeal 
to  come  out  at  the  sides  of  the  head.  The  body  is  about  x/±  inch  long, 
and  covered  with  short,  spiny  hairs.  The  other  exposed  stage  of  the 
sheep  tick  is  the  so-called  "nits."  These  (Fig.  540),  are  nearly  round, 
chestnut  brown,  egg-like  objects  that  are  glued  fast  to  the  hair,  especially 
about  the  neck,  inside  of  thighs,  and  along  the  belly.  They  are  not  eggs, 
but  pupa  cases  or  puparia  enclosing  the  pupal  stage  of  the  fly.  The 
sheep  tick  does  not  lay  its  eggs.  The  maggots  are  nourished  within  the 
body  of  the  female  until  they  are  full-grown,  never  feeding  externally. 
When  born  they  are  whitish  in  color,  oval,  about  Y%  inch  long,  and  with- 
out appendages.     The  female  secretes  a  gelatinous  glue  which  sticks 


Fig.  540. — •The  sheep  tick  or  louse  fly,  Mdophagua  ovinus  Linne.  Puparium  on  the 
left;  adult  fly  on  the  ritdit.  Four  and  one-half  times  natural  size.  (From  Herms,  "Medical 
and  Veterinary  Entomology,  copyright,  1923,  by  The  Macmillan  Company.  Reprinted  by 
]><  r mission.) 

the  larva  to  the  hair.  Within  12  hours  the  skin  turns  brown  and  forms 
a  hard  puparium  about  the  larva.  Within  this  case,  pupation  takes 
place  and,  in  summer,  the  adult  tick  breaks  out  of  its  puparium  from  19 
to  23  days  after  it  was  born.  In  cold  weather  3  to  5  weeks,  or  even 
longer,  may  be  spent  in  the  puparium.  After  emerging,  the  adults  may 
mate  in  3  or  4  days,  or  not  for  several  months.  After  mating,  the 
females  begin  depositing  full-grown  larvae  in  from  14  to  30  days.  Only 
one  young  is  developed  at  a  time,  and  each  female  produces  from  10 
to  20  maggots,  which  are  born  at  the  rate  of  about  one  a  week.  The 
female  may  live  as  long  as  5  or  6  months.  Sheep  ticks  never  normally 
leave  their  hosts.  If  separated  from  the  animal,  they  may  live  for  a 
week  or  slightly  longer,  but  most  of  them  die  in  3  or  4  days.  The  pupae, 
however,  may  live  1  or  2  months  apart  from  the  host,  in  warm  weather. 
Freezing  kills  this  stage.  Breeding  is  continuous,  though  slower  in  win- 
ter, and  there  are  probably  several  generations  a  year. 

Control  Measures. — The  best  control  for  sheep  ticks  is  to  dip  the  sheep 
in  early  fall  in  one  of  the  coal-tar-creosote  dips  used  according  to  directions 
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furnished  with  the  materials.  No  <li|>  which  can  be  used  will  kill  all  the 
pup®.  Still,  it  is  possible  by  carefully  timing  the  dips,  completely  to 
eradicate  the  ticks  in  i  wo  dippings,  24  days  apart,  in  warm  weather.     The 

cost  of  dipping  should  not  exceed  a  few  cents  ;t  head  for  each  treatment. 
Dipping  cannot  be  done  in  cold  weather.  If  sheep  have  not  been  dipped 
in  fall,  and  ticks  become  abundant  in  winter,  they  may  be  checked  by 
several  dustings  of  pyrethrum  powder  sifted  into  the  wool.  Since  the 
ticks  may  crawl  a  considerable  distance  in  search  of  animals,  it  is  not  wise 
to  leave4  wool  that  has  been  sheared  near  the  flock.  It  should  be  stored 
at  least  50  feet  away. 

Inferences. — U.  S.  Dept.  Agr.  Farmer*  Bull.  798,  1917;  Wyo.  Agr.  Exp.  Sta.  Bulls. 
99.  1918  and  105,  1915. 

Scab  Mite1 

Importance  and  Type  of  Injury. — One  of  the  most  injurious  and  con- 
tagious of  sheep  diseases  is  the  trouble  known  as  scab  or  scabies.  It  is 
first  indicated  by  "tagging,"  that  is  the  loss  of  bits  of  wool  on  weeds, 
fences,  and  other  objects  against  which  the  animal  has  rubbed  its  body 
(Fig.  542).  The  cause  of  this  tagging  or  loss  of  hair  is  a  very  small, 
eight-legged  mite,  that  punctures  the  skin  with  its  sharp  mouth  parts 
until  the  lymph  exudes  and  flows  over  it.  As  this  serum  hardens  to  form 
a  scab,  the  mites  remain  underneath  on  the  raw  skin  where  their  con- 
tinued feeding  results  in  successive  layers  of  scabs  that  eventually  lift 
the  hair  out  by  the  roots.  The  irritation  and  loss  of  blood  due  to  the 
mites,  and  probably  some  poison  introduced  as  they  feed,  cause  the  sheep 
to  lose  condition,  become  sickly  and,  if  not  treated,  to  die.  In  less  severe 
cases  the  loss  of  wool  is  a  considerable  item.  The  skin  becomes  first 
reddened,  then  white  and  glistening,  then  hardened  and  uniformly  thick- 
ened over  the  infested  part,  and  eventually  bare  of  wool,  cracked,  and 
bleeding. 

Animals  Attacked. — Sheep  and  cattle  suffer  most,  while  horses  and 
goats  are  attacked  rarely.  Fine-wooled  varieties  of  sheep  are  most 
seriously  affected. 

Distribution. — Nearly  cosmopolitan;  but  quarantines  and  dipping 
campaigns  have  eradicated  it  from  many  sections. 

Life  History,  Appearance,  and  Habits. — All  stages  of  the  scab  mite  will 
be  found  upon  lifting  a  scab  from  an  infested  animal,  the  eggs,  young,  and 
adults  swarming  together  under  this  protection.  The  largest  mites  (Fig. 
541),  are  only  as  big  as  the  cross-section  of  an  ordinary  pin  or  needle,  and 
may  be  seen  as  minute  gray  crawling  specks  against  a  black  surface.  A 
dozen  or  more  of  eggs  are  laid  by  the  female  on  the  skin.  They  hatch  in 
2  to  10  days  to  six-legged  nymphs.     After  the  skin  is  shed  the  first  time, 

1  Psoroptes  communis  oris  Bering,  Order  Acarina,  Family  Sarcoptidae. 
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the  nymphs  have  ail  additional  pair  of  legs.  They  grow  rapidly  and  arc 
mat  lire  in  from  9  days  to  2  weeks.  A  female  may  live  1  month  or  more 
and  deposit  up  to  100  eggs.  In  wet,  cold  weal  her,  generations  succeed 
each  other  rapidly;  the  mites  spread  from  sheep  to  sheep  and  whole  flocks 
are  soon  affected. 

Control  Measures. — For  a  number  of  years,  quarantine  measures  have 
been  in  effect  against  the  shipment  of  scabby  sheep,  and  the  disease  has 


Fig.   541. — The  scab  mite,  Psoroptes  communis  avis  Herin^,   female,   greatly   magnified. 

(From  U.  S.  D.  A.  Farmers    Bull.  713.) 


been  greatly  reduced  in  prevalence.  Control  is  by  dipping  the  animals 
for  3  to  5  minutes  in  a  warm  lime-sulfur,  or  nicotine-and-sulfur,  dip,  and 
repeating  the  treatment  once  or  twice  at  10-  to  14-day  intervals.  Direc- 
tions for  dipping  sheep  are  given  in  U.  S.  Dept.  Agr.  Farmers1  Bull.  713, 
which  should  be  consulted  before  dipping  is  undertaken.  The  quarters 
occupied  by  the  infected  sheep  must  be  thoroughly  disinfected  by  cleaning 
and  spraying  with  5  per  cent  carbolic  acid,  or  lime-sulfur  or  creosote 
dips,  and  the  animals  should  be  changed  to  fresh  pasture. 

Reference. — U.  S.  Dept.  Agr.  Farmers'  Bull.  713,  1916. 
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Sheep  Lice 

Importance  and  Tape  of  Injury. — Three  species  of  lice  are  known  to 
live  on  sheep  in  this  country:  the  blood-sucking  body  Louse,1  the  blood- 
sucking fool  louse,-  and  the  red-headed  or  chewing  sheep  louse.3  They 
are  by  no  means  as  prevalent  as  the  sheep  tick.  The  usual  symptoms  of 
scratching  and  rubbing  are  caused  by  these  lice  biting  and  running  over 
the  skin.      The  chewing  louse  eats  off  the  wool  fibers,  the  blood-sucking 


Fig.  o42. — A  severe  case  of  sheep  scab  due  to  the  attacks  of  the  scab  mite.      {From  U.  S. 

D.  A.  Bur.  Animal  Industry.) 

kinds  rob  the  host  of  nutrition  and  the  blood-sucking  body  louse  stains 
the  wool  with  its  small  brown  fecal  spots.  The  red-headed  sheep  louse 
is  said  to  be  the  most  irritating,  and  the  foot  louse  to  be  comparatively 
innocuous. 

Life  History,  Appearance,  and  Habits. — The  red-headed  sheep  louse  is 
t  he  smallest  and  apparently  the  worst  of  the  three  species.     1 1  is  only  j<>0 

1  Linognathus  oviUus  (Neumann),  Order  Anoplura,  Family  Hematopinictae. 
tldnognatku8  pedalis  (Osborn),  Order  Anoplura,  Family  HsematopinidsB. 
3  Trichodeetes  ovis  Linn6,  Order  Mallophaga,  Family  TrichodecticUe. 
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inch  long,  pale  brownish  in  color,  with  a  broad,  reddish  head,  broadly 
rounded  in  front.  Each  Begmenl  of  the  abdomen  has  a  single  transverse 
row  of  hairs.  These  lice  crawl  about  among  the  wool  and  on  the  skin, 
eating  wool  fibers  and  skin  scales.  They  do  not  suck  blood,  but  when 
they  cluster  on  the  skin  in  great  numbers  may  cause  raw  sores.  The 
blood-sucking  foot  louse  is  similar  in  form  to  the  short-nosed  cattle  louse 
but  only  about  x/\ 2  inch  long  and  somewhat  slenderer  and  paler  colored. 
The  head  is  about  as  wide  as  long,  and  each  abdominal  segment  has  two 
t  ransverse  rows  of  hairs.  The  blood-sucking  body  louse  is  similar  to  the 
foot  louse,  but  the  head  is  twice  as  long  as  broad  and  bluntly  pointed  in 
front.  All  of  these  lice  spend  all  stages,  eggs,  nymphs  of  various  sizes, 
and  adults,  on  the  body  of  the  animal.  The  eggs  are  glued  fast  to  the 
hairs,  and  hatch  in  5  to  10  days  in  the  case  of  the  chewing  louse,  or  10  to 
18  days  in  the  ot  her  species.  The  young  are  said  to  complete  growth  and 
begin  laying  eggs  in  about  2  weeks  after  hatching. 

Control  Measures. — All  kinds  of  lice  are  best  killed  by  dipping  the 
animals  in  nicotine,  sulfur,  or  creosote  dips,  giving  two  treatments  2  weeks 
apart.  The  red-headed  sheep  louse  may  be  controlled  by  dusting  sodium 
fluoride  into  the  wool  all  over  the  animal.  A  plunger-type  duster  should 
be  used,  and  about  1  ounce  is  sufficient  for  each  sheep.  This  stomach 
poison  is  hot  effective  for  blood-sucking  lice.  In  winter,  when  dipping 
cannot  be  done  safely,  the  lice  may  be  checked  by  dusting  pyrethrum  or 
derris  into  the  wool.  Shallow  dipping  or  washing  of  the  legs  in  nicotine, 
sulfur,  or  creosote  dips  should  be  sufficient  for  the  foot  louse  and  this  can 
be  done  at  any  season.  All  new  animals  should  be  examined  before  they 
are  turned  into  a  healthy  flock,  and  especial  attention  should  be  given  to 
males,  which  often  infect  a  flock  of  ewes  at  breeding  time. 

Sheep  Bot  or  Nose  Fly1 

Importance  and  Type  of  Injury. — Sheep  shake  their  heads,  stamp  their 
feet,  and  crowd  together,  holding  their  noses  to  the  ground,  especially  in 
bare  dusty  places;  or  run  away,  with  noses  held  low,  in  efforts  to  keep 
the  fly  from  striking  at  their  nostrils.  The  presence  of  the  maggots  in  the 
nostrils  causes  inflammation,  and  a  copious  " catarrhal"  discharge.  The 
excess  of  mucus,  together  with  irritating  dust  drawn  into  the  air  passages, 
causes  sneezing  and  labored  breathing.  The  presence  of  the  maggots 
may  cause  giddiness  or  " blind  staggers." 

Animals  Attacked. — Sheep,  goats,  wild  deer,  and,  very  rarely,  man. 

Distribution. — General  throughout  North  America. 

Life  History,  Appearance,  and  Habits. — The  life  history  of  this  fly 
appears  not  to  be  well  known.  Hadwen  has  found  both  small  and  full- 
grown  maggots  in  the  heads  of  sheep  both  in  winter  and  in  summer,  indi- 

1  (Estrix  oris  Linne,  Order  Diptera,  Family  (EstridaD. 
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eating  that  the  larvse  may  remain  in  the  head  for  more  than  a  year. 
Portchinsky,  working  in  Kussia,  stairs  (hat  the  larva  puss  the  winter  in 

the  Becond  instar  is  a  st at <^  of  real  with  little  change,  forming  the  third- 
ami  last-stage  larvae  in  spring.     The  full-grown  Larva,  is  nearly  1  inch  long 

by  a  third  as  t  hick,  wit  hont  definite  head  or  Legs,  and  t  he  segments  promi- 
nently marked  with  blackish  crossbands.  Probably  the  typical  cycle  is 
for  different  larva'  to  become  mature  from  early  spring  to  late  summer, 

when  they  retreat  from  the  deeper  tunnels  they  have  made,  and  drop  or 
are  sneezed  out  of  the  nostrils  to  the  ground.  Here  a  transformation 
period  of  30  to  60  days  is  passed  in  the  hard,  blackish  puparia  before  the 


Fig.  543. — Sheep   botfly,   larvae  (at  a  and  e  e)  tunneling  through  sinuses  of  sheep's  head. 

(From  U.  S.  D.  A.  Bur.  Animal  Industry.) 

flies  emerge.  Some  of  the  flies  are  apparently  active  until  cold  weather 
approaches.  They  are  about  J^  inch  long,  of  a  general  grayish  color, 
something  like  a  house  fly  but  much  larger,  with  minute  dark  spots 
peppered  over  the  back  and  with  eyes  rather  small  and  a  broad  space 
between  them.  They  take  no  food,  but  follow  sheep  on  hot,  still,  sunny 
days  and  hide  away  in  crevices  of  fences  and  walls  in  inclement  weather. 
The  eggs  hatch  in  the  body  of  the  female,  before  they  are  laid  and  a 
number  of  very  active,  small  maggots,  enclosed  in  a  little  drop  of  sticky 
liquid,  are  deposited  up  the  nostrils,  as  the  female  flies  rapidly  past  the 
sheep's  head  without  alighting.  The  maggots  work  their  way  upward 
through  the  nostrils  until  they  reach  the  sinus  cavities  between  the  bony 
plates  of  t  he  skull  in  the  region  of  the  forehead  (Fig.  543).      In  other  cases 
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they  find  their  way  into  the  bronchi  or  into  cavities  in  the  horns  or  bonee 

of  the  DOSe  or  jaw.  They  lacerate  the  tissues,  growing  -lowly  and  some- 
times migrating  far  about  in  the  head.  As  many  as  SO  larva*  have  been 
reported  from  one  head,  but  the  usual  number  is  from  1  to  8.  They 
remain  in  the  head  for  about  10  months  or  more. 

Control  Measures. — To  prevent  infestation  by  the  sheep  bot,  the 
nostrils  may  be  kept  smeared  with  pine  tar.  The  sheep  may  be  made  to 
smear  their  own  noses  by  an  ingenious  salt  log,  in  which  salt  is  placed  in 
the  bottom  of  2-inch  holes  bored  in  the  log  and  the  edges  of  the  holes 
smeared  with  pine  tar.  Hadwen  recommends  the  provision  of  a  dark 
shed  with  a  curtain  over  the  door,  into  which  the  sheep  may  retreat  when 
the  flies  begin  to  attack  them.  It  has  been  recommended  that  infested 
sheep  be  treated  by  elevating  the  head  and  pouring  into  one  nostril  at 
a  time  a  teaspoonful  of  benzene,  holding  that  nostril  shut  for  half  a  minute 
and  then  treating  the  other  nostril.  The  treatment  may  have  to  be 
repeated  several  times  to  get  all  of  the  maggots  and  is  of  doubtful  value 
and  may  be  dangerous  to  the  sheep.  Portchinsky  recommends,  as  the 
only  effective  measure,  the  capture  of  adult  flies  which  are  attracted  to 
erect  fences  or  screens  of  old  weathered  boards  and  may  easily  be  picked 
off  mornings,  evenings,  and  in  bad- weather.  A  skilled  veterinarian  may 
remove  larvae  from  the  heads  of  valuable  animals  by  opening  the  sinuses 
above  the  nasal  fossae  with  a  trephine. 

Sheep  Maggots  or  Wool  Maggots 

Importance  and  Type  of  Injury. — When  the  wool  of  sheep  becomes  soggy  from 
warm  rains,  or  soiled  with  urine,  feces,  or  blood  from  wounds  or  from  lambing,  certain 
blowflies  are  attracted  to  the  animal  and  deposit  their  eggs  in  the  dirty  wool,  most 
commonly  about  the  rump,  but  also  about  the  horns  where  wounds  have  resulted 
from  fighting.  The  maggots  feed  in  the  wet  wool  and  the  adjacent  skin,  causing  the 
latter  to  fester  and  the  wool  to  loosen  and  become  putrid,  and  exposing  the  inflamed, 
raw  flesh  with  the  whitish  maggots  tunneling  in  it.  The  dirty  wounds  readily  become 
infected  and  the  sheep  may  die  of  blood  poisoning. 

Animals  Attacked. — Sheep,  goats,  cattle,  and  other  animals  if  they  have  putrid 
sores.     Greasy,  fine-wooled  sheep  such  as  Merinos  are  more  likely  to  be  infested. 

Life  History,  Appearance,  and  Habits. — There  are  several  kinds  of  flies  that  attack 
soiled  wool,  but  two  of  the  most  important  are  the  green-bottle  fly1  and  the  black 
blowfly.2  The  first  species  is  about  twice  the  bulk  of  the  common  house  fly  and  of  a 
brilliant  metallic,  bluish-green  color  with  bronze  reflections,  without  stripes,  and  with 
a  fine  whitish  bloom  on  the  front  of  the  thorax  just  behind  the  head.  The  black 
blowfly  is  a  little  larger,  very  dark  greenish  black  in  color  all  over,  without  stripes  or  ' 
grayish  markings  and  not  very  bristly.  Both  of  these  flies  probably  winter  as  larvae 
or  pupa)  in  soil  beneath  carcasses,  or  in  manure.  At  any  rate  the  flies  appear  very  | 
early  in  spring,  and  from  that  time  on,  breeding  is  continuous  except  as  checked  by 
dry  weather.  The  larva?  of  the  black  blowfly  are  said  to  live  chiefly  in  carcasses  or 
carrion;  the  green-bottle  fly  develops  also  in  garbage. 

1  Lucilia  sericata  Meigen,  Order  Diptera,  Family  Muscidse. 
8 Phormia  regina  Meigen.  Order  Diptera,  Family  Muscidse. 
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Either  tl>  tnaj  complete  a  generation  from  egg  to  egg  in  about  3  weeks.  Their 
numbers  increase  as  the  season  progresses,  and  during  warm,  rainy,  or  foggy  weather 
they  are  especially  likely  to  lay  eggs  in  the  wool.     The  pupa  Btage  is  passed  in  the 

ground. 

Control  Measures.-  Since  the  flies  attack  animals  chiefly  after  having  become 
abundant  by  breeding  in  carcasses,  the  control  measures  are,  as  for  the  Bcrew  worm 
fly,  to  destroy  all  carrion  by  promptly  burning  it  or  burying  it  deeply.     Breeding 

hornless  sheep;  having  the  lambs  come  as  early  in  spring  as  practicable;  shearing 
before  lambing  occurs;  docking  of  lambs;  "lagging"  dirty  sheep;  and  applying  pine 
tar  to  wounds  are  recommended  as  preventive  measures.     When  sheep  are  infested, 

the  wool  should  he  clipped  close  around  the  infested  area,  benzol  or  chloroform  applied 
to   the   affected   area,    the   maggots   removed,   and   the  wounds  treated   with    copper 
Sulfate  or  air-slaked  lime,  to  dry  up  the  suppuration  and  deodorize  the  wounds. 
Reference.     U.  S.  Dept.  Agr.  Farmers   Hull.  857,  1922. 

True  Ticks 

Although  several  species  of  ticks  may  attach  to  sheep  to  feed,  they  are  not  so  injuri- 
ous to  sheep  as  to  the  less  hairy  animals.  In  fact,  pasturing  infested  ground  with  sheep 
has  been  suggested  as  a  control  for  ticks,  since  the  latter  may  become  entangled  in  the 
wool  and  killed.  However,  at  least  two  species  of  ticks  are  injurious  to  sheep.  The 
spotted-fever  tick,  which  is  discussed  as  a  pest  of  man,  p.  842  causes  a  kind  of  paralysis 
in  sheep  by  biting  and  engorging  along  the  backbone.  The  removal  of  the  large 
female  ticks  from  the  head,  neck,  and  back,  by  hand,  or  the  use  of  an  arsenical  dip 
results  in  rapid  recovery  from  the  disease.  The  spinose  ear  tick  (p.  791)  also  attacks 
sheep,  feeding  especially  inside  the  outer  ear. 

The  lone  star  tick1  is  very  troublesome  to  goats,  especially  in  the  southwest. 

E.  INSECTS  THAT  ATTACK  POULTRY 
FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  INJURING  POULTRY 

.1.  Pests  that  visit  the  fowls  only  to  secure  food,  coming  and  going  repeatedly;  or  live  on 
the  foxds  at  night,  hiding  away  in  the  daytime;  or  spend  only  part  of  the  life-cycle  on  t he- 
fowls,  being  free-living  or  intermittent  parasites  during  other  life  stages: 

1.  Small,  gnat-like,  humpbacked  flies,  less  than  x/§  inch  long,  with  thick  antennae, 
a-  long  as  the  head;  two,  broad,  delicate  wings  and  stout  legs,  hover  about  the  heads  of 
fowls  on  the  roost,  suck  blood,  and  appear  to  smother  the  birds  when  very  abundant  in 
spring.     Black  flies,  turkey  gnats,  or  buffalo  gnats,  page  832. 

2.  Mahogany-brown,  broad,  very  flat  or. thin,  oval,  wingless  bugs,  of  all  sizes  up 
to  ! .-,  inch  long,  live  in  nests,  behind  boards,  and  in  cracks  of  houses  during  the  day- 
time, and  crawl  out  upon  fowls  at  night  and  suck  blood.  Bugs  have  a  bad  odor. 
Small  black  spots  of  excreta  from  the  bugs  often  seen  on  the  eggs  and  about  cracks. 
Bedbug,  page  830. 

3.  Small,  grayish  to  dark  red,  pear-shaped  or  ovate  mites,  from  3^2  0  to  Ho  inc'h 
long,  wit  h  eight  slender  legs,  remain  in  cracks  under  the  roosts  or  in  nest  boxes  during 
the  day,  except  on  sitting  or  laying  hens  in  dark  places.  At  night  they  swarm  over 
the  birds  and  suck  the  blood.     Poultry  mite  or  roost  mile,  page  813. 

4.  Similar  to  the  poultry  mite  but  females  with  tip  of  body  slightly  notched. 
The  mites  live  on  the  fowls  day  and  night,  laying  their  eggs  among  the  flulT  feathers. 
Nymphs  and  adults  suck  blood.     Feather  mite  or  tropical  foul  mite,  page  815. 

5.  In  the  South,  poultry  are  attacked  by  a  larger,  eight-legged,  oval-bodied, 
brown  tick,  up  to  ' .,  inch  long,  which  in  the  adult  Btage  attacks  the  host  only  at  night, 

Amblyomma  amerieanum    Linne*  .  Order  Acarina,  Family  Exodidas. 
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when  it  Bucks  blood  in  quantities,  and  hides  in  cracks  during  the  day  like  the  poultry 
mite.  In  its  younger  stages,  however,  it  is  b  permanenl  para  ite,  remaining  <>n  the 
fowl  ila\  and  night  until  ready  to  molt,  Fowl  tick,  adobe  tick  or  bluebugi  page  816. 
6.  A  tiny,  hard,  long-legged,  jumping  insect,  aboul  '•_.,,  inch  long  and  flattened 
from  side  to  side;  the  females  attach  to,  or  burrow  into,  the  skin  about  t  he  eyes,  comb, 
wattles,  or  vent  in  clusters,  often  forming  dark  areas  visible  from  some  distance; 
ulcers,  blindness,  and  death,  especially  of  young  chicks,  often  result.  Immature 
Stages  are  passed  in  cracks  of  the  henhouse  or  in  the  soil.  A  southern  species.  Stick- 
tight,  or  southern  chicken  jlca,  page  817. 

B.    Small)   teingless,  flattened  charing  lice  that  stay  on   the  skin   or  feathers  of  the  fowl* 

ail  of  the  time: 

1.  Ovate,  yellow  lice,  less  than  '  [ ,-,  inch  long,  with  a  single  transverse  row  of  hairs 
on  each  abdominal  segment,  above.  Found  along  the  shafts  of  t  he  feathers  of  chickens 
rather  than  on  the  skin;  when  the  feathers  are  parted,  they  run  toward  the  body  along 
the  shaft.  Chew  at  the  feathers.  Eggs  glued  to  base  of  feathers.  Not  on  young 
chicks.     Small  body  louse  or  shaft  louse,  page  820. 

2.  Similar  lice,  form  }{q  to  Y%  inch  long,  darker  yellow  and  more  hairy;  the  hairs 
on  upper  side  of  abdomen  in  two  transverse  rows  on  each  segment.  Found  running 
rapidly  over  the  skin  of  chickens,  turkeys,  and  pheasants  in  less  feathered  parts;  not 
on  the  feathers.  The  most  injurious  species  on  grown  chickens.  Eggs  attached 
especially  to  small  feathers  below  the  vent.     Large  body  louse,  page  817. 

3.  Lice  about  the  size  of  the  shaft  louse,  but  dark  grayish  in  color  and  with  a  longer 
head,  found  standing  on  their  heads  among  the  feathers  of  the  head  on  chickens;  move 
but  little.  Hairs  on  upper  side  of  abdomen  mostly  confined  to  a  wide  median  stripe. 
Antenme  of  male  unusually  large.  The  most  injurious  louse  to  young  chicks.  Eggs 
laid  singly  on  the  down  of  the  head.     Head  louse,  page  817. 

4.  Similar  to  the  head  louse  but  more  slender  and  darker  in  color.  The  only 
species  found  commonly  on  the  large  wing  feathers  of  chickens,  where  it  often  lies 
between  the  barbules  on  the  under  side  of  the  shaft,  showing  no  signs  of  life.  Eggs 
between  barbules  of  large  feathers.  Wing  louse  or  variable  louse,  Lipeurus  variabilis 
Nitzsch. 

5.  A  very  large  species,  }■&  inch  long  and  more  than  half  as  wide.  Smoky  gray 
to  black  in  color;  found  on  feathers  on  chickens  and  very  active.  Not  common. 
Large  chicken  louse,  Goniocotes  abdominalis  Piaget. 

6.  A  large  chewing-louse,  }4>  inch  long,  with  each  hind  angle  of  the  head  prolonged 
into  a  sharp  process,  at  the  end  of  which  is  a  very  long  bristle;  occurs  on  the  feathers  of 
the  turkey,  especially  on  the  neck  and  breast.  Large  turkey  louse,  Goniodes  stylifir 
Nitzsch. 

7.  A  louse  of  equal  length  with  the  preceding,  but  only  one-sixth  as  wide  as  long; 
pale  yellowish,  with  a  black  margin  around  the  body;  especially  common  on  the 
primary  wing  feathers  of  turkeys.  Slender  turkey  louse,  Lipeurus  polytrapezius 
Nitzsch. 

8.  A  small  species  only  Yi'b  inch  long,  with  head  curiously  expanded  and  rounded 
in  front;  dark  red  in  color,  with  a  white  region  in  middle  of  abdomen;  is  common  at  the 
base  of  the  large  wing  feathers  of  ducks  and  geese.  Chewing  louse  of  ducks  and  geese, 
Docophorus  icterodes  Nitzsch. 

9.  A  larger  species,  }i  inch  long,  and  slender,  light  yellow  in  color  with  a  dark 
margin  to  the  body,  and  squarish  dark  spots  on  the  abdomen.  Infests  ducks  and 
geese,  especially  at  the  base  of  large  wing  feathers.  Squalid  duck  louse,  Lipeurus 
squalidus  Nitzsch. 

10.  A  short  broad  species  ^5  inch  long,  with  abdomen  squarish  behind;  whitish 
with  a  brown  margin.     Infests  pigeons.     Broad  pigeon  louse,  page  820. 
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11.  An  exceedingly  Blender  louse  aboirl   ]  i ' ■>  inch  long,  with  dark  abdomen  and 
reddish-brown  head  and  thorax,  very  abundant  on  old  pigeom  and  partially  feathered 
■quabs.     Slender  pigeon  louse,  page  820. 
c.    MinuU i,  <ili)iost  invisible,  eight-legged,  rounded  miles  thai  burrow  into  flu1  shin  beneath 

scales  of  legs  or  ai  bow  of  feathers  and  feed  and  reproduce  in  the  tunnels: 

1.  Chickens,  turkeys,  pheasants,  .*m<l  other  birds  walk  painfully  or  refuse  to  walk. 

Legs  are  encrusted  With  elevated  scales  from  under  which  a  fine  while  powder  and 
serum  exude  from  the  irritated  and  inflamed  skin,  and  the  Legs  become  mueh  swollen. 
Numerous  minute,  circular,  very  short-legged  mites  less  than  ^o  m(;n  1()"K  burrow 
under  the  scales.     Scaly  leg  mile,  page  821. 

2.  A  similar  but  still  smaller  mite,  burrows  into  the  skin  at  the  base  of  the  hathers 
of  the  rump,  back,  abdomen,  head,  and  neck  of  chickens  and  pigeons,  causing  the 
feathers  to  fall  or  to  be  pulled  out  by  the  bird.  If  the  stumps  of  such  feathers  are 
examined,  an  abundance  of  dry  scales,  crusts,  and  mites  will  be  found.  Depluming 
mite,  page  822. 

General  References.— N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bull.  359,  1915;  Ohio  Agr.  Exp. 
Sta.  Bull.  320,  1917;  Conn.  (Storrs)  Agr.  Exp.  Sta.  Bull.  86,  1916;  U.  S.  Dept.  Agr. 
Farmers'  Bulls.  801,  1917;  and  1110,  1920. 

Poultry  Mite  or  Chicken  Mite1 

Importance  and  Type  of  Injury. — These  mites  (Fig.  544),  live  in 
cracks  about  the  roosts,  floors,  walls,  or  ceiling  of  the  houses  in  the  day- 
time and  crawl  upon  the  fowls  at  night  or  when  they  are  on  the  nests. 
Only  a  very  few  mites  are  found  on  fowls  during  the  daylight  hours. 
Their  only  normal  food  is  the  blood  of  fowls,  which  they  draw  through 
their  sharp  piercing  mouth  parts  at  night.  Since  they  rarely  stay  on 
poultry  during  the  daytime,  a  flock  may  be  badly  run  down  by  them 
without  the  owner's  being  aware  of  the  cause  of  the  trouble.  Small 
areas  about  the  roosts  or,  elsewhere  in  the  house  show  patches  of  brown 
mites  or  fine  black-  and  white-speckling  as  though  dusted  with  pepper 
and  salt — the  excrement  of  the  mites.  When  they  become  extremely 
abundant,  the  litter  and  manure  may  appear  to  be  literally  crawling  with 
tiny  gray-and-brown  specks.  The  mites  are  especially  abundant  where 
the  roost  timbers  rest  on  their  supports.  The  fowls  become  droopy, 
pale  about  the  head,  and  listless,  and  stop  laying.  Sitting  hens  and  chicks 
often  die. 

Animals  Attacked. — Chickens  are  preferred,  and  other  poultry  is  not 
likely  to  be  badly  attacked  if  chickens  can  be  reached.  The  mites  often 
greatly  irritate  persons  or  animals  about  infested  houses. 

Distribution. — Practically  cosmopolitan;  more  troublesome  in  the 
wanner  regions. 

Life  History,  Appearance,  and  Habits. — The  mites  become  inactive 
ind  greatly  reduced  in  numbers  during  cold  weather,  except  in  heated 
douses,  although  feeding  and  breeding  to  some  extent  may  take  place 
hiring  warm  spells,  even  in  winter.  With  the  advent  of  spring,  activities 
ire   greatly   accelerated.      The   females   deposit    their   pearly-white   oval 

1  Dermanyssus  gallinn    DrCieer),  Order  Aenrina.  Family  GamasicUe. 
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eggs  in  dark  protected  places,  such  as  cracks  between  timbers  or  in  dry 
manure  under  the  roosts.  Two  or  three  dozen  eggs  are  laid  over  B 
period  of  several  weeks.  The  eggs  hatch  in  3  or  4  days  on  the  average. 
Several  days  more  elapse,  and  the  young  six-legged  nymph  sheds  its 
skin  once  and  becomes  eight-legged  before  it  seeks  a  fowl  and  fills  up  on 
blood  (Fig.  544).  After  engorging,  it  hides  away  in  some  dark  place  for  a 
day  or  two  or  until  it  sheds  its  skin  again.  It  then  finds  a  host,  engorges 
on  blood  a  second  time  and  again  hides  away  for  a  day  or  two  before  it 
makes  the  third  and  final  molt  and  becomes  an  adult.  It  requires  only 
1  week  to  10  days  to  pass  through  the  stages  from  egg  to  adult.  The 
adults  are  }  ±q   to  l  30  inch  long,  grayish  in  color  but  when  filled   with 


Fig.  544.- — The  poultry  mite,  Dermanyssus  gaUincB  (Do  Geer);  nymph  before  engorging  on 
blood.      Greatly  magnified.      (From  U.  S.  D.  A.  Farmers'  Bull.  801.) 


blood  appearing  bright  red  to  nearly  black.  It,  is  believed  that  the  same 
adult  does  not  feed  every  night,  but  after  filling  up  on  blood,  leaves 
the  fowl  and  during  the  next  few  days  lays  three  to  seven  eggs,  then 
feeds  and  repeats  the  process  until  all  the  eggs  have  been  laid. 

Control  Measures. — For  the  control  of  these  mites  attention  must  be 
given  to  the  house  rather  than  to  the  birds  themselves.  A  very  thorough 
clean-up  of  the  poultry  house  is  essential,  since  the  mites  abound  in  filth 
and  infest  any  crack  about  the  house  big  enough  for  them  to  crawl  into. 
This  should  be  followed  with  a  thorough  spraying  of  crude  petroleum, 
carbolineum,  or  anthracene  oil,  mixed  with  half  its  volume  of  kerosene, 
using  a  pump  that  gives  a  strong  penetrating  spray,  and  treating  the 
floor,  the  walls,  and,  in  badly  infested  houses,  the  roof  and  outside  of  the 
walls.  If  the  above  oils  are  not  available,  kerosene  alone  may  be  used, 
but  several  treatments  a  week  or  10  days  apart  will  be  necessary.  Arsen- 
ical or  coal-tar  stock  dips  are  also  recommended.  The  spray  should  be 
applied  in  the  morning  so  the  oil  will  have  dried  before  the  fowls  go  tc 
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roost.     After  the  clean-up,  the  cracks  of  the  roosts  and  the  supports  <>n 

which  they  rest  should  bo  brushed  over  once  ;i  moiilh  wilh  crude  pel  ro- 
ll 'ii  m  or  anthracene  oil  to  catch  any  mites  thai  escaped  t  In-  first  treatment. 
Mites  may  live  1  or  5  months  in  a  house  after  all  poultry  has  been 
removed,  especially  if  surroundings  arc  moderately  moist.     These  posts 

may  also  stay  on  the  bodies  of  fowls  in  small  numbers  for  at  most  about, 
\  days.  When  moving  fowls  to  a  new  building  or  introducing  now  birds 
to  a  flock,  they  should  bo  isolated  for  3  days  and  nights  in  pens  so  that  tin; 
mites  will  all  crawl  away  from  them.  Poultry  houses  should  bo  so 
constructed  as  to  receive  plenty  of  light  and  air,  to  be  dry  and  to  be 
easily  cleaned.  It  is  important  that  roosts,  nest  boxes,  and  all  other- 
boards  and  fixtures  be  arranged  so  they  can  easily  be  removed  for  cleaning 
and  spraying  outside  the  house. 

References  —  U.  S.  Dept.  Agr.  Dept.  Bulls.  553,  1917;  and  1228,  1924. 

Feather  Mite  or  Tropical  Fowl  Mite1 

Importance  and  Type  of  Injury. — Small  reddish  or  brown,  eight-legged  mites 
.swarm  over  the  skin,  congregating  about  the  vent,  where  they  may  cause  bloody 
scabs  to  form.  The  feathers  in  this  region  become  dirty  from  the  eggs  and  excreta 
of  the  mites.  Heavy  infestations  kill  the  fowls  from  loss  of  blood  and  irritation.  This 
mite  has  been  suspected  of  transmitting  the  dangerous  tropical  disease,  fowl 
spirochetosis. 

A  ni muls  Attacked. — Chickens  and  other  domestic  fowls;  English  sparrow,  starling, 
and  other  wild  birds. 

Distribution. — This  pest  has  been  known  in  this  country  only  since  1916,  but  it  is 
alnady  widely  distributed  throughout  the  northern,  eastern,  and  central  states.  The 
infestations  have  been  local  and  many  of  them  have  been  cleaned  up. 

Life  History,  Appearance,  and  Habits. — These  mites  are  very  similar  in  a  general 
way  to  the  poultry  mite.  They  are  slightly  smaller,  more  hairy,  and  with  smaller 
legs;  they  move  more  rapidly,  and  the  tip  of  the  abdomen  of  the  female  is  slightly 
notched.  In  habits,  however,  they  are  very  different,  since  they  live  day  and  night 
on  the  body  of  the  fowl  instead  of  harboring  in  cracks  about  the  house,  and  also  lay 
their  eggs  on  the  fluff  feathers.  The  eggs  adhere  to  the  barbules  of  the  feathers  and 
are  also  found  in  the  nests. 

Control  Measures. — Fowls  should  be  dipped  during  warm  weather.  Wood  and 
Cleveland  recommend  a  dip  made  by  dissolving  1  ounce  of  soap  in  a  gallon  of  water 
and  stirring  into  it  2  ounces  of  r.ne  flowers  of  sulfur.  The  fowls  must  be  entirely 
submerged  in  the  dip  and  the  feathers  ruffled  to  permit  the  liquid  to  reach  the  skin. 
If  an  infestation  is  discovered  in  cold  weather  the  fowls  should  be  dusted  very  liberally 
mil  thoroughly  with  very  fine  flowers  of  sulfur,  to  hold  the  mites  in  check  until  the 
.weather  is  warm  enough  to  permit  dipping.  Since  the  mite  is  known  to  live  in  the 
nests  and  on  the  bodies  of  English  sparrows,  these  birds  should  be  fought  and  their 
nests  burned  t<>  prevent  spread.  New  birds  or  show  animals  should  be  isolated  before 
Dtroducing  them  to  a  clean  flock,  and  carefully  examined  to  make  sure  they  are  not 
infested.  If  any  mites  are  found,  treat  as  suggested  above.  The  nests  used  by 
infested  fowls,  and  in  cases  of  bad  infestations  the  entire  house,  should  be  treated  as 
described  for  the  poultry  mite. 

/.'-  ft  /v  ,,ce.— Poultry  Science,  Vol.  2;  pp.  129-135,  1923;  U.  S.  Dept.  Agr.  Dept.  Circ. 
79,  1920. 

lLipony88us  sp.,  Order  Acarina,  family  Liponyssicke. 
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Fowl  Tick  or  Bluebi  g1 

Importance  and  Type  of  Injury, — The  injury  and  symptoms  of  attack 
by  fowl  ticks  are  much  as  in  the  case  of  poultry  mites;  weakness  of  the 
legs,  droopy  wings,  pale  comb  and  wattles,  cessation  of  egg  laying  and 
death  from  loss  of  blood.  Small,  rounded,  reddish  or  dark-colored 
objects  attach  in  clusters  to  the  skin  on  neck,  breast,  thighs,  or  unde 
wings,  sucking  blood  and  causing  great  irritation.  Large,  reddish  o 
blue  ticks  up  to  Yi  inch  long  are  found  in  daytime  under  bark  of  tree: 
where  the  fowls  roost  or  under  loose  boards  about  the  henhouse  or  when 
roost  poles  meet  the  walls;  and  black  spots  of  excrement  stain  the  wood 
work  near  such  cracks.  These  large  ticks  suck  their  fill  of  blood  in  about 
Yi  hour,  and  when  they  are  abundant  profitable  poultry  husbandry  i 
out  of  the  question  unless  control  measures  are  applied.  In  additio 
to  bleeding  fowls,  the  fowl  tick  is  the  proved  carrier  of  a  highly  fata] 
poultry  disease  known  as  fowl  spirochetosis  in  many  parts  of  the  world, 
There  is  danger  that  this  disease  may  be  introduced  into  North  America. 

Animals  Attacked. — Chickens  are  the  preferred  host,  but  all  othei 
domestic  fowls  and  some  wild  fowls  are  attacked,  and  rarely  domestic 
mammals  and  man. 

Distribution.— -In  the  southwestern  states  from  Texas  westward  to 
California,  and  in  Florida.  Apparently  limited  to  warm,  semiarid 
regions. 

Life  History,  Appearance,  and  Habits. — In  cooler  regions  the  ticks 
appear  to  winter  chiefly  as  adults  and  half  grown  nymphs.  Throughout 
most  of  its  range  breeding  may  continue  slowly  even  in  winter.  They 
thrive  best,  however,  in  hot,  dry  weather.  The  adults  are  flattened, 
leathery,  eight-legged,  with  thin  edges  to  the  body,  egg-shaped  in  outline 
and  red  to  blue-black  in  color.  They  range  in  size  from  about  J^  to  J£ 
inch  long.  The  brownish  eggs  are  laid  in  cracks  about  the  house.  They 
hatch  in  from  10  days  to  3  months,  and  the  grayish  six-legged  nymphs 
seek  a  fowl,  particularly  at  night,  and  attach  in  bunches  to  the  skin  and 
suck  blood  from  3  to  10  days  in  one  spot.  They  then  release  their  hold 
and  hide  away  in  a  protected  place  for  about  a  week,  molting  and  acquir- 
ing the  fourth  pair  of  legs.  From  this  time  on  they  suck  blood  only  at 
night,  hiding  in  cracks  during  daylight  and  alternately  engorging  and 
molting  at  intervals  of  a  week  or  two  until  they  become  adult.  The 
females  deposit  several  lots  of  eggs,  a  total  of  500  to  900.  There  is 
normally  one  generation  a  year,  but  if  deprived  of  a  host  the  adults 
may  survive  for  2  or  3  years  without  food  or  water. 

Control  Measures. — Control  is  much  the  same  as  for  the  poultry  mite, 
but  must  be  given  with  extreme  thoroughness  because  these  flattened 
ticks  can  hide  deeply  in  cracks  and  are  most  hardy  and  resistant  creatures. 

1  Argas  miniatus  Koch  (persicus  Oken),  Order  Acarina,  Family  Argasidae. 
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Roosts  should  be  suspended  by  wires  from  the  ceiling  or  supported 

entirely  from  the  floor  so  that  they  do  not  touch  the  walls.  Nests  should 
he  so  constructed  that  they  can  he  easily  removed  and  treated.  Poultry 
must  not  he  allowed  to  roost  in  trees,  barns,  and  other  shelters  which 
cannot  be  treated  effectively.  Any  new  fowls  brought  into  the  flock 
should  first  be  isolated  for  10  days  to  allow  the  seed  ticks  to  drop  off, 
and  the  temporary  quarters  then  treated  or  burned. 

Reference. — U.  S.  Dept  Agr.  Farmers'  Bull.  1070,  1910. 

Sticktight  oh  Southern  Chicken   Flea1 

Importance  and  Type  of  Injury. — In  the  south  and  southwest  poultry  sometimes 
show  clusters  of  dark-brown  objects  about  the  face,  eyes,  ear  lobes,  comb,  and  wattles 
made  by  hundreds  of  small  flattened  fleas  that  have  their  heads  embedded  in  the  skin 
so  that  they  cannot  be  brushed  off.  Young  fowls  are  often  killed,  and  egg  laying  and 
growth  are  greatly  checked  by  the  loss  of  blood  and  the  great  irritation  caused  by 
the  bites. 

Animals  Attacked. — Chickens,  turkeys,  and  other  poultry,  and,  according  to 
Herms,  also  cats,  dogs,  horses,  and  man. 

Distribution. — Southern  and  Southwestern  United  States  from  South  Carolina 
to  California. 

Life  History,  Appearance,  and  Habits. — Adult  males  and  females  are  found,  often 
in  copula,  on  the  heads  of  fowls.  The  females  at  least  remain  attached  by  their 
mouth  parts  in  the  same  spot  sometimes  as  long  as  2  or  3  weeks.  During  this  time  the 
eggs  are  laid,  being  thrown  with  considerable  force  from  the  vagina  of  the  female. 
The  eggs  hatch  on  the  ground  in  from  2  days  to  2  weeks,  and  the  slender  white  larvse 
feed  on  the  excreta  of  the  adult  fleas  and  possibly  other  filth  in  the  cracks  and  litter 
about  the  floor  of  henhouses  or  on  the  ground  in  dry  protected  places.  After  a  growing 
period  of  2  weeks  to  1  month,  they  spin  silken  cocoons  covered  with  dust  and  dirt, 
in  which  the  pupal  transformation  occurs.  The  adults  do  not  attach  to  the  host  for 
several  days  or  1  week  and  then  a  second  period  of  about  1  week  elapses  before  the 
females  begin  laying  eggs.  Only  a  few  eggs,  one  to  five,  are  laid  at  a  time.  The  life 
cycle  may  be  completed  in  from  1  to  2  months.  The  pest  thrives  best  in  dry,  cool 
weather,  and  the  adults  may  live  for  several  months  under  such  conditions. 

Control  Measures. — Thoroughly  clean  the  house  and  yards,  burning  the  dirt  and 
litter  on  the  spot,  or  soaking  it  with  kerosene  or  creosote  oil;  or  cover  the  ground  with 
a  uniform  thin  layer  of  lime;  or  treat  with  kerosene  or  boiling  water.  Keep  dogs, 
cats,  and  rats  away  from  poultry  houses,  as  they  may  spread  this  flea.  Exclude 
fowls  from  beneath  buildings. 

Reference. — Okla.  Agr.  Exp.  Sta.  Bull.  123,  1919;  Jour.  Agr.  Research,  Vol.  24, 
pp.  1007-1009,  1923;  U.  S.  Dept.  Agr.  Farmers'  Bull.  897,  1917.  Herms  "  Medical 
and  Veterinary  Entomology."  2d  Ed.,  1926;  Jour.  Agr.  Research,  Vol.  24,  p.  1,  Apr.  7, 
1923. 

Poultry  Lice2 

Importance  and   Type  of  Injury. — Contrary  to   the   belief  of  most 
poultry  men,  the  lice  that  live  on  fowls  do  not  suck  blood.     They  feed  by 

1  Echidnophuga  (jollinacew  (Westwood),  Order  Siphonaptera,  Family  Sarcopsyllid;i\ 

2  Order  Mallophaga. 
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nibbling  or  chewing  the  dry  Bkin  scales,  feathers,  or  scabs  <m  the  skin. 

The  irritation  from  the  mouth  parts,  together  with  that  of  the  sharp 
claws  on  their  feel  in  running  about  over  the  skin,  results  in  a  nervous 
condition  of  the  infested  birds  thai  prevents  sleep,  causes  loss  of  appel  ite 
and  diarrhoea,  and  renders  the  weakened  fowls  easy  prey  for  various 
poultry  diseases.  Young  chickens  and  turkeys  that  are  brooded  by 
lousy  hens  are  often  killed  in  great  numbers  by  the  swarming  of  lice  from 
the  hen  to  them  almost  as  soon  as  they  hatch  from  the  eggs.  The  most 
serious  effect  upon  older  fowls  is  a  reduction  in  the  number  of  eggs  laid. 
Infested  fowls  are  in  a  mopy,  drowsy  condition  with  droopy  wings  and 
ruffled  feathers,  refuse  to  eat  and  gradually  become  emaciated.  If  the 
feathers  of  such  a  fowl  are  parted,  the  lice  will  often  be  found  running 
about  on  the  skin  in  great  numbers,  particularly  below  the  vent,  on  the 
head,  or  under  the  wings. 

Animals  Attacked. — Every  kind  of  domestic  fowl  (and  probably  every 
kind  of  wild  bird  as  well)  has  from  one  to  several  kinds  of  lice.  In  general, 
each  species  of  bird  has  lice  peculiar  to  it.  The  exceptions  to  this  will  be 
noted  in  discussing  the  different  lice.  At  least  a  dozen  kinds  attack  chick- 
ens and  three  to  five  different  kinds  are  found  on  ducks,  pigeons,  and 
turkeys. 

Distribution. — Wherever  fowls  are  kept. 

Life  History,  Appearance,  and  Habits. — Poultry  lice  generally  breed 
faster  and  become  more  abundant  in  summer  than  in  cold  weather,  but  all 
stages  can  usually  be  found  on  the  host  in  winter.  All  of  these  chewing 
lice  are  permanent  parasites  spending  all  life  stages,  generation  after 
generation,  on  the  same  bird,  and  never  normally  leaving  its  body,  except 
as  they  pass  from  one  fowl  to  another,  particularly  from  old  to  younger 
birds.  The  eggs  are  cemented  fast  to  some  part  of  the  feathers.  They 
are  oval  in  shape,  generally  white  in  color  and  often  beautifully  orna- 
mented with  spines  and  hairs  (Fig.  73,  J).  While  laid  singly  they  may  be 
abundant  enough  to  form  dense  clusters  on  the  fluffy  feathers  of  badly 
infested  chickens.  In  a  few  days  or  weeks  the  young  nymph  hatches  from 
the  egg  in  a  form  much  like  the  parent  lice  only  much  smaller  and  paler 
in  color.  It  at  once  begins  running  about  and  feeding,  and  in  the  course 
of  the  next  few  weeks  passes  through  several  molts,  gradually  assuming 
the  size,  form,  and  coloration  of  the  adult. 

Poultry  lice  are  entirely  wingless,  six-legged  insects  with  a  much  flat- 
tened body  and  broad  head  rounded  in  front.  The  mouth  parts  are  near 
the  middle  of  the  under  side  of  the  head,  the  most  prominent  parts  being 
two  sharp-pointed  teeth  or  mandibles.  The  legs  are  good-sized,  and  in  all 
of  the  species  that  live  on  birds  they  have  two  claws  at  the  end  of  the 
tarsus.  Their  relatives  that  live  on  hair-bearing  animals,  such  as  the 
little  red  louse  of  cattle  or  the  chewing  lice  of  horses  and  sheep,  have  only 
one  tarsal  claw,  fitted  for  grasping  about  the  hairs. 
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The  head  louse1  (Fig.  545)  is  especially  noticeable  and  injurious  on 
young  chicks  ;m<l  turkeys.  The  dark  gray  large-headed  adults,  about 
1  |()  inch  long,  and  the  paler  young  ones  are  found  standing  head  down 
along  tin1  base  of  the  feathers  on  top  o'f  the  head  with  their  mouth  parts 
against  the  skin.  They  constantly  nibble  at  the  skin  scales  but  appar- 
ently never  eat  through  t  he  skin  nor  into  the  flesh.  Although  t  hey  move 
about  only  a  lit  t  le,  they  pass  very  early  from  brooding  hens  to  little  chirks, 
which  are  often  killed  by  them.      The  eggs  arc  cemented  to  the  barbs  of 


Fig.  545. — Head  louse  of  poultry,  Lipeurus 
hi  t t  rographus  Nitzsch ;  male,  about  twenty- 
fivc  times  natural  size.  (From  U.  S.  D.  A. 
Farmers'  Bull.  sOl.) 


Fig.  546. — Large  body  louse  of  poultry, 
Menopon  biseriatum  Piaget;  female,  under- 
side, about  twenty-five  times  natural  size. 
(From  U.  S.  D.  A.  Farmers'  Bull.  801.) 


the  down  or  small  feathers  of  the  head  or  neck.     They  hatch  in  about  5 
days  and  the  young  are  full-grown  in  about  10  days  more. 

The  large  body  louse2  (Fig.  546),  lives  most  of  the  time  on  the  skin  of 
eit  her  chickens  or  turkeys,  being  especially  abundant  about  the  vent  and 
under  the  wings  and  common  on  both  young  and  old  fowls.  When  the 
feathers  are  parted,  all  sizes  of  the  lice  run  rapidly  to  cover.  The  smaller 
one-  are  pale  yellowish  white  but  the  larger  ones,  which  reach  a  length  of 
nearly  J^j  inch,  appear  brownish.  The  body  is  covered  with  fine  long 
hairs.  Bishopp  and  Wood  consider  this  the  most  injurious  louse  of  grown 
chickens,  because  it  is  constantly  on  the  skin.  The  eggs  are  fastened  to 
the  basal  barbs  from  the  shaft  of  the  feathers,  especially  below  the  vent. 

1  Lipeurus  heterographus  Nitzsch,  Order  Mallophaga,  Family  Liotheids. 
-  Menopon  biseriatum  Piaget,  Order  Mallophaga,  Family  Liotheidse. 
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Thej  are  said  not  to  hatch  on  feathers  dislodged  from  the  host.  On  the 
body  they  hatch  in  about  a  week,  and  10  or  12  days  of  growth  brings  the 
nymphs  to  the  adult  Btage.  They  increase  very  rapidly:  LaWBOn  and 
Manter  record  having  counted  over  35,000  lice  on  one  chicken,  which  they 
think  was  not  half  of  those  actually  present. 

The  shaft  louse,  small  body  louse,  or  common  body  louse1  is  similar 
to  the  large  body  louse  in  appearance,  but  it  is  distinctly  smaller  i}/\§  inch 
long),  paler  colored,  and  less  hairy.  It  has  commonly  been  considered 
the  most  injurious  louse  of  chickens  but  Bishopp  and  Wood  contend  that 
it  lives  mostly  on  the  feathers,  lying  along  the  shaft  and  running  down 
the  feathers  to  the  skin  when  the  feathers  are  parted.  It  is  very  common 
about  the  vent,  also  on  the  back  and  breast.  It  does  not  infest  young 
chicks,  presumably  because  of  the  lack  of  well-developed  feathers.  The 
eggs  are  fastened  to  the  base  of  feathers  and  hatch  in  2  or  3  weeks.  These 
lice  are  very  hardy,  having  been  kept  alive  for  9  months.  This  species 
occurs  on  ducks,  turkeys,  and  guineas,  at  least  when  they  are  housed  with 
chickens,  and  is  sometimes  troublesome  to  horses  stabled  near  badly 
infested  poultry. 

The  other  lice  on  chickens  are  less  abundant  and  less  important,  and 
live  chiefly  among  the  feathers,  where  their  nibbling  and  crawling  does  not 
cause  great  annoyance.  The  lice  that  attack  turkeys,  geese,  and  ducks 
are  said  to  be  less  abundant  and  generally  not  sufficiently  injurious  to 
require  special  treatment.  Pigeons,  however,  often  become  grossly 
overrun  with  the  broad  pigeon  louse2  or  the  slender  pigeon  louse,3  which 
live  among  the  feathers  of  both  old  and  young  birds  and  doubtless  inter- 
fere with  the  profitable  raising  of  these  fowls. 

Control  Measures. — It  should  be  evident  from  the  different  life  habits 
of  lice  and  mites  that  to  control  lice,  with  the  measures  discovered  up 
to  the  present  time,  as  described  below,  it  is  necessary  to  apply  some  sub- 
stance directly  to  the  body  of  the  fowl;  whereas,  with  poultry  mites,  treat- 
ment of  the  house  is  essential.  In  both  cases  cleanliness,  an  abundance  of 
fresh  air  and  light,  a  good  supply  of  drinking  water,  and  the  provision  of 
good  clean  dust  baths  are  important  factors  in  keeping  these  external 
parasites  and  the  injurious  effects  from  them  in  subjection. 

In  the  past  10  years,  commercial  sodium  fluoride4  has  been  found  to  be 
so  effective  in  the  control  of  poultry  lice  that  it  is  now  generally  accepted 
as  the  most  important  remedy.  Fowls  should  be  examined  every  few 
months,  and,  if  found  infested,  every  fowl  on  the  premises  should  be 
treated,  since  a  single  one  that  escapes  the  clean-up  may  soon  reinfest  the 
entire  flock.     The  sodium  fluoride  may  be  used  either  as  a  dust  or  as  a 

1  Menopon  pallidum  Nitzsch,  Order  Mallophaga,  Family  Iiotheidse. 

2  Goniocotes  compar  Nitzsch,  Order  Mallophaga,  Family  Philopteridae. 

3  Lipeurus  baculus  Nitzsch,  Order  Mallophaga,  Family  Philopteridae. 

4  Care  must  be  taken  not  to  confuse  this  with  sodium  chloride,  which  is  ordinary 
table  salt,  since  the  two  names  sound  so  much  alike. 
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dij),  but  in  cold  weather  dipping  is  not  advisable.     The  dip  should  be 

prepared  in  a  wooden  tub  or  Large  earthenware  jar,  dissolving  1  ounce  of 
sodium    fluoride  and    1    ounce  of   laundry   soap   to   each   gallon   of   waler 
Hold  the  fowl  by  both  wings  with  one  hand,  lower  it    in  the  water  and 

ruffle  t  he  feat  hers  for  about  '  j  minute  until  they  are  soaked  to  t  he  skin ; 
then  duck  the  head  under  twice,  and  the  fowl  is  ready  to  release.     In 

dusting  with  sodium  fluoride  it  is  best  to  lay  the  fowl  over  a  shallow  pan 
or  paper  on  a  table.  A  "pinch"  of  the  powder  is  sifted  among  the  feath- 
ers next  to  the  skin  on  the  head,  another  on  the  neck,  two  on  the  back, 
one  on  the  breast,  one  below  the  vent,  one  on  the  tail,  one  on  each  thigh 
and  one  on  the  under  side  of  each  wing.  The  cost  for  materials  in  such 
treatment  is  trivial,  not  over  a  half  cent  per  fowl.  Instead  of  using  the 
pinch  method,  the  powder  may  be  sifted  among  the  feathers,  next  to  the 
skin,  on  all  parts  of  the  body  from  a  talcum  box  or  other  can  with  small 
holes  in  the  top,  giving  especial  attention  to  the  region  around  the  vent. 
An  ounce  of  the  material  is  sufficient  to  treat  from  50  to  100  hens.  One 
treatment  carefully  given  should  completely  eradicate  the  lice.  In  dust- 
ing, the  lice  are  not  all  killed  for  several  days,  but  when  the  fowls  are 
dipped,  the  death  of  the  lice  occurs  very  promptly. 

Mercurial  ointment  (50  per  cent  metallic  mercury)  thoroughly  mixed 
with  1  to  2  parts  of  vaseline  makes  an  effective  ointment  for  head  lice.  A 
lump  not  larger  than  a  pea  should  be  thoroughly  rubbed  over  the  feathers 
on  top  of  the  head.  Care  should  be  used  not  to  apply  too  much.  Carbo- 
lated  vaseline  or  even  lard  is  recommended  to  be  used  in  the  same  way. 

Scaly-leg  Mite1 

Importance  and  Type  of  Injury. — This  species  and  the  following  one 
are  close  relatives  of  the  mites  and  ticks  discussed  earlier  in  this  chapter, 
but  their  habits  are  quite  different.  They  are  more  like  mange  or  itch 
mites,  since  they  remain  on  the  body  all  of  the  time  and  make  tunnels  in 
the  skin,  in  which  the  eggs  are  laid.  The  scaly-leg  mite  attacks  especially 
the  feet  and  lower  part  of  the  legs  but  is  also  found  about  the  comb.  The 
scales  of  the  legs  (Fig.  547),  become  elevated,  and  a  fine  white  dust  sifts 
from  beneath  them.  Lymph  and  blood  exude  and  red  blotches  form  on 
the  legs.  The  birds  become  crippled  or  even  unable  to  walk  at  all. 
Great  irritation  must  result  from  the  burrowing  of  the  mites. 

Animals  Attacked. — Poultry;  and  rabbits,  guinea  pigs,  and  other 
animals  housed  near  infested  birds. 

Life  History,  Appearance,  and  Habits. — This  trouble  is  caused  by  a 
tiny,  eight-legged  mite,  measuring  from  Jfoo  to  J^o  inch  across,  pale  gray 
in  color  and  nearly  circular  in  outline.  They  are  not  seen  by  the  naked 
eye.     If  the  fowl's  legs  are  soaked  in  warm,  soapy  water,  the  scales  may 

1  Cnemidocoptet  mutant  Robin  and  Lanquontin,  Order  Acarina,  Family  Sarcoptids. 
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In-  lifted  and  the  mites  found  by  use  of  a  microscope  among  the  powder 

and  lymph  from  beneath  the  scale.  They  have  very  short  legs  and  the 
skin  is  traversed  with  fine  lines  as  is  the  palm  of  ones  hand.  It  \g 
believed  that  the  eggs  are  laid  in  the  tunnels  made  by  females  beneath  the 
skin  scales.  Like  other  mites,  the  young  are  at  first  six-legged  and  the 
development  from  that  point  on  is  a  simple  metamorphosis. 

Control  Measures. — Poultrymen   should   be   on   the  lookout  for  this 
trouble,  especially  on  newly  purchased  birds,  and  should  treat  fowls  as 


Fig.  547. — Rooster  severely  attacked  by  scaly-leg  mite,  Cncmidocoptes  mutans  Robin  and 
Lanquentin.      {From  U.  S.  D.  A.  Farmers'  Bull.  1337.) 

soon  as  the  symptoms  show  up  to  prevent  spread  to  others.  The  legs 
may  be  brushed  with,  or  dipped  in,  crude  petroleum  or  a  mixture  of  raw 
linseed  oil,  2  parts,  and  kerosene  1  part.  If  the  swollen  scales  are  not 
largely  shed  within  a  month,  the  treatment  should  be  repeated;  but  one 
treatment  is  usually  sufficient. 

The  Depluming  Mite1 


This  mite  is  similar  to  the  scaly-leg  mite  but  is  still  smaller,  and  it  burrows  into 
the  skin  at  the  base  of  the  feathers  on  the  rump,  back,  head,  abdomen,  and  legs.  The 
mites  may  be  found  on  the  fallen  feathers  or  among  the  dry  powdery  material  in  the 
skin.     The  irritation  from  the  mites  causes  the  fowls  to  pull  out  their  feathers. 

Control  Measures. — Sulfur  ointment  carefully  applied  to  the  affected  parts,  or  a 
dip  made  by  mixing  2  ounces  of  flowers  of  sulfur  and  ^  ounce  laundry  soap  to  the 
gallon  of  water.  Repeated  applications  will  be  necessary.  The  affected  birds  should 
be  isolated. 

Reference. — U.  S.  Dept.  Agr.  Farmers'  Bull.  957,  1918. 

1  Cnemidocoptes  Icevis  (gallinoe)  Railliet,  Order  Acarina,  Family  Sarcoptidae. 
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BSDBl  <•' 

The  common  bedbug  (see  Fig.  553)  ;in<l  Beveral  of  its  dose  relatives* are  frequently 
pests  in  poultry  houses.     They  hide,  breed,  and  lay  their  ej^gs  in  nests,  behind  ti< 

boxes,  under  loose  boards,  and  in  oilier  cracks  about   the  walls,  roosts,  and  roof  of  the 

building.     At  night  the  nymphs  and  adults  find  their  way  upon  the  Bleeping  hens  and 
suck  their  blood.     They  are  almost  never  found  on  the  fowls  in  daytime.     Sitting 

hens  Buffer  especially  from  t  hese  pests  and  may  be  driven  to  leave  t  he  nests.      The  Small 
black  BDOtS  of  excreta    from   the   bedbugs  may  often  be  seen  on   the  eggs  an,j  about 

cracks. 

Control  Measures.     Because  of  the  likelihood  of  carrying  these  bugs  into  the  house, 

quite  as  much  as  on  account   of  their  injury  to  the  fowls,  vigorous  control  measures 
Bhould  be  applied.     Effective  measures  are  given  in  the  chapter  on  insects  affecting 

man  (p.  S3(>).      In  most  cases,  chicken  houses  can  be  rid  of  these  pests  by  spraying 
all  cracks  thoroughly  with  creosote  oil  or  crude  petroleum. 

1  Citnex  lectularius  Linne,  Order  Ilemiptera,  Family  Cimicidae. 
1  The  Mexican  chicken  bug,  Hcematosiphon  inodorus  Duges,  the  European  pigeon 
bug,  Cimex  columbarius  and  the  barn-swallow  bug,  (Eciacux  vicarius  Horva.th. 


CHAPTER   XXIII 

INSECTS   THAT  ATTACK  AND  ANNOY  MAN  AND  AFFECT  HIS 

HEALTH 

The  various  ills  man  suffers  from  insects  reach  their  climax  in  their 
attacks  upon  his  person.  "Bugs"  are  no  respectors  of  persons.  While 
for  the  most  part  decent,  sanitary  living  and  reasonable  precautions  about 
associating  with  less  sanitary  persons  and  surroundings  will  prevent  these 
insects  from  attacking  a  given  individual,  nevertheless  some  of  these 
unwelcome  visitors  are  likely  to  come  into  any  household  at  any  time. 
In  such  a  case,  to  be  forewarned  is  to  be  forearmed.  The  housekeeper 
who  knows  when  to  ignore  a  newfound  insect  in  her  house  as  a  creature  of 
no  real  significance  and  when  to  fight  one  that  may  start  an  infestation 
which  could  cause  trouble  for  months,  has  the  battle  half  won.  Brues1 
says: 

The  importance  of  insects  as  detrimental  to  public  health  is  well  known  to 
professional  zoologists,  medical  men,  and  laymen  alike,  but  is  usually  emphasized 
only  under  the  stress  of  particular  circumstances,  such  as  the  safety  of  soldiers  in 
the  recent  war  or  of  unusual  outbreaks  of  diseases  for  which  insects  are  directly 
responsible.  Insect-borne  diseases  present  a  constant  menace  to  the  world,  and 
aside  from  the  actual  toll  of  lives  which  they  exact,  they  impair  its  efficiency  by 
enfeebling  the  health  of  its  human  population. 

W.  D.  Hunter,  in  his  address  as  President  of  the  American  Association 
of  Economic  Entomologists,2  draws  the  conclusion  that  the  losses  caused 
by  diseases  transmitted  by  insects  is  approximately  one-half  as  great  as 
the  losses  caused  to  all  farm  products.  He  concludes:  "Surely  this  is  a 
sufficient  argument  for  greater  attention  to  medical  entomology." 

FIELD  KEY  FOR  THE  IDENTIFICATION  OF  INSECTS  THAT  ATTACK  AND 
ANNOY  MAN  AND  AFFECT  HIS  HEALTH 

A.  Free-flying  insects  that  alight  on  face,  arms,  and  other  exposed  parts  of  the  bod)/  to 
bite  <nid  suck  blood: 

1.  Slender-hodied,  long-legged  insects  up  to  }^  inch  long  with  delicate  wings 
fringed  with  scales  and  long  slender  mouth  parts  and  bushy  antennae  make  a  high- 
pitched  humming  noise  as  they  alight  to  suck  blood.  Especially  abundant  at  dusk 
or  at  night  and  about  swamps  and  woodlands.     Mosquitoes,  page  827. 

2.  Small,  chunky,  humpbacked  gnats  not  over  \i  inch  long,  with  broad  clear 
w  ings  and  short  heavy  mouth  parts  and  antenna',  alight  on  the  body,  crawl  into  eyes, 

1  Brues,  C.  T.,  "  Insects  and  Human  Welfare,"  Harvard  University  Press,  1920 

2  Hunter,  W.  D.,  Jour,  of  Eton.  Entomol.  Vol.  6,  pp.  27-39,  February,  1913. 
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('.•irs,  hair,  or  under  the  clothing  and  suck  blood.  They  make  comparatively  little 
noisr  and  the  bite  a1  first  is  not  very  painful.  Especially  troublesome  during  the 
daytime.     Black  flie»J  page  832. 

3.  Very  BmaU  midges,  do1  over  Ho  incn  l(>ng,  with  hairy  hut  not  scaly,  sometimes 

mottled,  wings,  bite  in  the  daytime.  They  fly  quietly  and  arc  seldom  seen  Or  beard 
until  the  hot.  very  painful  hite  is  inflicted.      No-sec-ums,  page  834. 

1.  Large,  heavy-bodied,  brown,  black,  and  orange,  often  green-eyed  flies,  about 

'.  inch  long,  with  wings  clear  or  banded,  fly  wildly  aboul  the  head  with  much  noise, 

and  cause  a  very  painful,  bloody  bite  on  arms,  head,  or  neck.  Encountered  chiefly  in 
woods  or  marshes  on  warm  sunny  days.      Deer  flies  or  horseflies,  page  835. 

5.  A  fly  about  the  size  and  genera]  appearance  of  the  house  fly  often  comes  indoors 
in  lowering  weather  and  bites  especially  about  the  ankles.  It  differs  from  the  house  fly 
in  having  a  stiff,  pointed  beak  that  projects  forward  from  lower  side  of  the  head,  a 
broader,  black-spotted  abdomen,  and  grayer  appearance,  and  hairs  on  upper  side  of 
arista  only.      Stable  fly,  pages  770  and  835. 

B.  Inserts  that  crtnrl  upon  the  body  to  bite  and  suck  blood,  not  spending  their  entire  life 
on  tin   human  host: 

1.  Mahogany-brown,  broad,  very  flat  or  thin,  oval,  wingless  bugs,  of  all  sizes  up 
to  }-5  inch  long,  live  in  beds  and  cracks  about  the  room  and  crawl  over  the  body  and 
bite  at  night.     Bugs  have  a  distinct  disagreeable  odor.     Bedbug,  page  836. 

2.  Large,  somewhat  flattened,  oval  bugs,  brownish  or  black,  sometimes  marked 
with  pink  or  red;  between  3^  and  1  inch  long,  tapering  to  a  slender  head  in  front,  with 
well-developed  wings  crossing  over  on  the  back.  They  bite  when  picked  up,  and  in 
some  localities  regularly  visit  the  bodies  of  sleeping  persons  to  suck  their  blood. 
Mexican  bedbug,  kissing  bug,  and  other  assassin  bugs,  page  837. 

3.  Small,  brown,  wingless  insects,  about  }-{q  inch  long,  very  flat  from  side  to  side 
and  with  long  hind  legs,  slip  into  the  clothing  or  jump  vigorously  when  disturbed. 
They  bite  especially  about  the  legs  and  waist.  Troublesome  chiefly  in  basements  or 
houses  where  dogs  or  cats  are  allowed.  Cat  flea,  dog  flea,  human  flea  and  others, 
page  839. 

4.  In  southern  states  or  tropical  countries,  painful,  inflamed  sores  develop  between 
the  toes  or  under  the  toenails,  each  containing  an  ulcerated  body  that  may  become  as 
big  as  a  small  pea.  This  is  due  to  a  flea  that  buries  its  body  in  the  skin.  Chigoe  flea, 
page  841. 

5.  Tough-skinned,  eight-legged,  reddish  brown  to  bluish-gray,  seed-like  bodies 
up  to  x/2  inch  long,  often  with  silvery-white  markings  on  the  hard  plate  near  the  head, 
sink  their  mouth  parts  deeply  and  firmly  in  the  skin  and  suck  blood.  No  particular 
pain  is  felt  at  the  time,  but  motor  paralysis,  infected  sores  or  spotted  fever  may 
follow  the  attack.     Spotted-fever  lick,  castor-bean  tick,  dog  tick,  and  others,  page  842. 

6.  .An  eruption  on  the  skin  like  hives  or  chicken  pox,  accompanied  by  severe 
itching,  and  sometimes  nausea,  headaches,  chills,  or  fever,  results  from  handling 
straw  or  flour,  dried  fruits,  meat,  and  other  groceries,  or  follows  a  visit  to  grassy, 
brambly  spots  out-of-doors.  Caused  by  nearly  microscopic  mites  that  crawl  upon 
the  skin  and  bite.  Chiggers,  harvest  mites,  louse-like  mites  or  flour  and  meal  mttes, 
pages  845  to  848. 

C.  Insects  that  live  upon  the  body  all  of  their  lives,  generation  after  generation: 

1.  Extreme  itching  of  tender  places  on  the  skin,  such  as  between  the  fingers,  behind 
the  knee,  arid  inside  the  elbow,  without  visible  cause.  Careful  examination  may 
reveal  delicate,  tortuous,  gray  thread  lines  just  beneath  the  skin.  Hard  pimples  as 
big  as  pinheads,  containing  a  yellow  matter,  form  on  the  akin.  Scraping  the  affected 
Bpots  to  the  "quick"  and  examining  the  scrapings  under  a  lens  reveals  very  small. 
Whitish,  eight-legged,  nearly  round  mites.      Itch  mile,  page  B48, 
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2.  Painful  burning  and  Itching  bites,  which  become  whitish   soars  ringed  with 

brown  pigmented  skin,  occur  anywhere  on  parts  of  body  covered  by  clothing.  No 
•cause"  found  on  the  skin  but  examination  of  clothing  about  the  neckband,  armpits, 
waist,  or  crotch  of  trousers,  reveals  elongate,  oval,  Battened,  wingless,  gray  lice,  up 
to  }$  inch  long,  with  six  legs,  each  bearing  a  single  curved  claw  :it  the  end.  Whitish 
keg-shaped  eggs  are  laid  In  the  Beams  of  the  clothing.  Body  louse,  grayback,  or  coolo  , 
page  849. 

3.  Hair  of  the  head,  especially  back  of  the  ears  and  at  the  nape  of  the  neck  infested 
with  crawling,  grayish,  six-legged  lice,  similar  to  the  above;  the  whitish  eggs  fastened 
to  the  hairs.     Human  fiend  louse,  page  849. 

4.  Painful  burning  and  itching  bites  with  small  inflamed  spots  among  the  hairs 
between  the  legs.  Small,  broad,  grayish,  six-legged  lice  up  to  3a  6  inch  long,  that  look 
something  like  miniature  crabs  and  tend  to  remain  fixed  in  one  spot.  Pubic  louse  or 
crab  louse  page  853. 

D.  Short,  whitish,  legless,  segmented  maggots  or  "worms"1  live  under  the  skin  in  sores, 
or  in  the  natural  body  cavities,  or  in  the  alimentary  canal,  and  are  not  infrequently 
passed  in  the  excreta: 

1.  The  maggots  taper  gradually  from  a  blunt  posterior  end,  which  beats  two 
rounded  plates  or  short  tubes  for  breathing,  to  a  pointed  head  end  which  has  short 
mouth  hooks.  Various  flesh  flies,  house  flies,  fruit  flies,  and  root-maggot  flies,  page 
854. 

2.  The  maggots  are  thickest  near  midlength  and  narrow  strongly  toward  either 
end;  the  skin  is  very  tough,  and  usually  beset  with  many,  minute,  short,  sharp  spines. 
Human  botflies,  page  854. 

3.  The  maggots  are  flattened,  narrowing  toward  either  end,  each  segment  with 
prominent,  fleshy,  pointed  processes,  some  of  which  have  minute  side  spines.  Latrine 
fly  and  little  house  fly,  page  855. 

4.  The  maggots  are  nearly  cylindrical,  with  head  end  rounded  off  and  the  opposite 
end  prolonged  into  a  long  slender  "tail"  that  is  extensible  like  a  telescope.  Rat-tailed 
maggots,  page  855. 

E.  Insects  that  frequent  both  filthy  materials  and  human  habitations  and  carry  diseases 
to  man  without  inflicting  pain  on  the  body: 

1.  Two-winged  flies,  about  34  to  }i  inch  long,  of  a  general  grayish  color,  with  four 
equal  black  stripes  on  the  back  between  the  wings;  the  arista  or  antennal  bristle 
feathered,  i.e.  hairs  coming  off  on  two  sides  of  it;  the  mouth  parts  soft,  spongy,  and 
retractile;  the  vein  that  ends  nearest  the  tip  of  the  wing  bent  forward  so  as  nearly  to 
meet  the  vein  in  front  of  it  at  the  wing  margin;  and  no  large,  bristly  hairs  on  front 
segments  of  the  abdomen.     House  fly,  page  855. 

2.  Flattened,  oval,  running,  brown  or  black,  nocturnal  insects  from  }■£  to  13^  inches 
long,  with  six  long,  very  spiny  legs,  antennae  longer  than  the  body,  and  usually  four, 
finely  veined  wings  that  are  seldom  used;  occur  in  kitchens,  bakeshops,  restaurants, 
public  buildings,  ships  and  other  moist,  warm  places.     Cockroaches,  page  742. 

F.  Insects  and  other  Arthropods  that  accidentally  or  occasionally  hurt  man,  in  defense  of 
themselves  or  their  nests,  by  stinging,  biting,  nettling,  or  blistering  the  skin: 

1.  Four-winged,  swift-flying,  smooth  or  very  hairy  insects,  usually  conspicuously 
marked  with  yellow,  insert  the  ovipositor  or  "stinger"  from  the  posterior  end  of  the 
body,  and  inflict  a  painful  sting.     Bees,  wasps  and  hornets,  pages  17  and  214. 

2.  Wingless,  crawling,  six-legged,  slender-waisted  "ants,"  the  hairy  kinds  often 
brilliantly  colored,  sting  as  in  F,  1.     Stinging  ants  and  velvet  ants,  page  17  and  218. 

1  Not  to  be  confused  with  the  parasitic  round  worms  and  flat  worms,  which  are 
usually  much  longer.  These,  if  cylindrical,  are  not  segmented,  and  if  segmented  are 
much  flattened.     Insect  larvae  never  show  more  than  thirteen  segments. 
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'A.  Hugs  of  various  sizes  and  shapes  up  to  2  indies  long,  but  all  with  a  slender 
i  ubular  beak  project  m^  from  I  he  lower  side  of  I  lie  head,  six  legs,  and  i  he  fronl  pair  of 
wrings  thicker  at  base  and  thinner  and  overlapping  al  the  tip;  bite  painfully  when 
handled  or  when  they  fly  againsi  the  face,  especially  ;it  oight.  Assassin  bugs,  water 
scorpions,  dectric  light  bugs,  ;in<l  many  other  Hemiptera,  pages  H»  and  837. 

4.  Wingless,  dark-colored,  eight-legged  creatures  with  the  body  in  two  regions,  the 

part  bearing  the  long  legs  separated  from  the  abdomen  by  B  slender  pedicel  or  stalk, 
puncture  the  skin  and  introduce  a  venom  with  the  month  parts.  Tarantulas  and  oilier 
spiders,  page  L65. 

5.  Elongate  creatures,  commonly  2  or  3  inches  long,  with  a  pair  of  "pincher  legs" 
in  front,  eight  long  walking  legs  at  the  middle  and  a  very  long  abdomen  in  two  parts, 
the  posterior  slender  part  with  a  short  swollen  sting  on  the  end;  cause  gre;it  pain  by 
thrusting  this  sting  into  the  flesh.      Scorpions,  page  107. 

6.  Elongate,  worm-like  "hundred-legs,"  from  1  to  10  inches  long,  with  distinct  head 
and  antennas,  somewhat  flattened  body,  and  15  or  more  pairs  of  legs,  "bite"  with  a 
pair  of  poison  claws  just  back  of  the  head.     Centipedes,  page  163. 

7.  Caterpillars  ("worms")  of  a  variety  of  sizes  and  colors,  but  always  with  three 
pairs  of  jointed  legs  and  five  pairs  of  fleshy  prolegs,  and  generally  more  or  less  spiny 
or  woolly,  nettle  the  skin  when  they  brush  against  it,  causing  pain,  itching,  and 
inflamed  spots.      Various  caterpillars  or  moth  larvce,  page  17. 

8.  Elongate,  rather  soft-shelled,  six-legged  beetles,  commonly  }$  to  Y\  inch  long, 
blister  or  corrode  the  skin  if  crushed  upon  it.  Spanish  fly,  and  other  blister  beetles, 
pages  18  and  474. 

General  References. — Herms,  "Medical  and  Veterinary  Entomology,"  2d  Ed.  1923; 
Riley  and  Johannsen,  "Handbook  of  Medical  Entomology,"  1915;  Herrick 
"Insects  Injurious  to  the  Household  and  Annoying  to  Man,"  1921. 

Mosquitoes 

Importance  and  Type  of  Injury. — Besides  the  well-known  painful  bites 
inflicted  by  the  females  of  all  kinds  of  mosquitoes,  these  insects  are  the 
proved  carriers  of  four  distinct  human  diseases.  There  is  no  other 
known  method  of  acquiring  malaria,  yellow  fever,  dengue  and  certain 
forms  of  filariasis  except  by  the  bites  of  mosquitoes  which  have  previously 
bitten  persons  that  had  these  diseases. 

Considering  the  entire  world,  malaria  ("ague"  or  " chills  and  fever") 
has  been  said  to  be  the  most  important  disease.  It  causes  a  large  percent- 
age of  the  deaths  among  mankind.  In  the  United  States  (which  is  only 
mildly  malarious)  there  are  10,000  or  12,000  deaths  a  year,  in  addition 
to  which  several  millions  suffer  illness,  loss  of  time  and,  often  prolonged 
inefficiency  from  this  disease.  The  proper  agricultural  development  of 
certain  sections  of  our  country  has  been  greatly  retarded,  and  in  the 
tropics  entire  countries  have  been  practically  barred  from  civilization, 
by  this  disease.  As  pointed  out  by  Ross,  these  are  unfortunately  "more 
especially  the  fertile,  well-watered  and  luxuriant  tracts;  precisely  those 
which  are  of  the  greatest  value  to  man." 

The  several  kinds  of  malaria  are  caused  by  microscopical  animals1 
thai  live  in  the  blood,  destroying  the  red  corpuscles  and  causing  anemia, 

1  Three  Bpeciee  of  Plasmodium,  Phj'lum  Protozoa,  Class  Sporozoa. 
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accompanied  by  the  characteristic  alternating  chills,  fever,  ami  sweating. 
Once  introduced  to  a  human  body  by  a  mosquito,  the  parasite  may 

increase  rapidly  until  as  many  as  3, 000, 000, 000  arc  present  in  the  blood 
of  one  patient;  but  it  cannot  gel  from  that  person  to  another  without  the 
help  of  certain  kinds  of  mosquitoes1  (Figs.  549  and  550),  in  the  bodies  of 
which  a  necessary  part  of  its  life  cycle  is  completed.  Every  step  of  the 
life  cycle  of  this  little  animal  has  been  followed  in  both  the  human  and 
insect  hosts  and  we  know  that  both  man  and  mosquito  are  necessary  to 
its  continued  existence. 


Common  or  Cul  ex     Malaria!  or  Anopheles        Yellow  Fever  or  Aedes 

\ 


Fig.  548. — Three  important  kinds  of  mosquitoes,  showing  egg,  larval,  pupal  and  adult 
stages  of  each:  in  the  left-hand  column  the  life  stages  of  a  common  house  mosquito,  in  the 
center  column  of  a  malarial  mosquito,  and  in  the  right-hand  column  of  the  yellow-fever 
mosquito.  .  Two  or  three  times  natural  size.  (From  "Everyday  Problems  in  Science,1'  by 
Pieper  and  Beauchamp,  Copyrighted,  1925,  by  Scott,  Foresman  and  Company) . 


Until  the  end  of  the  nineteenth  century,  yellow  fever  was  one  of  the 
most  dreaded  diseases  in  the  world.  Its  cause  was  not  known,  and 
terrible  epidemics  swept  tropical  countries  and  our  seaport  towns  such 
as  New  Orleans,  Philadelphia,  and  Havana.  This  disease  was  the  most 
potent  factor  in  the  failure  of  the  French  to  build  the  Panama  Canal,  in 
the  latter  part  of  the  last  century.  In  1900,  American  army  surgeons 
working  in  Cuba  discovered  that  the  disease  is  spread  exclusively  by  a 
particular  kind  of  mosquito,2  since  known  as  the  yellow-fever  mosquito. 
Since  this  discovery  the  disease  has  been  rapidly  stamped  out  of  country 
after  country  until  it  has  now  been  nearly  eradicated  from  the  earth. 

1  Fifty  or  more  species  of  the  genus  Anopheles,  Order  Diptera,  Family  CulicidaB. 

2  JEdes  cegypti  Linne,  Order  Diptera,  Family  Culicidse. 
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The  cause  of  the  disease  is  an  extremely  minute  organism,  which  lias  so 
far  eluded  all  efforts  to  discover  and  isolate  it.  The  unknown  organ- 
ism1 is  probably  ultramicroscopic.    While  its  transformations  in  man 

and  the  mosquito  are  not  known,  there  is  evidence  that  it  passes  an 
essential  pari  of  its  life  cycle  in  each  host.  The  conquering  of  this 
disease  constitutes  one  of  the  greatest  triumphs  of  modern  science. 

FUariasis  is  caused  by  minute  worms2  that  live  in  the  blood  and 
lymph.  This  disease  is  seldom  fatal,  but  is  often  followed  by  terrible 
enlargements  or  deformities  of  the  legs,  arms,  genital  organs,  or  other 
parts  of  the  body,  known  as  "elephantiasis."  The  worms  are  found  in 
the  lungs  and  deeper  blood  vessels  during  the  daytime,  but  when  the 
patient  is  resting,  usually  during  the  night,  these  worms  swarm  into  the 
superficial  blood  vessels,  and  mosquitoes  feeding  at  this  time  may  draw 
in  some  of  them  with  the  diseased  blood.  The  worms  undergo  a  trans- 
formation in  the  muscles  of  the  mosquito,  and  2  or  3  weeks  later  work  out 
through  the  mouth  parts  as  it  is  feeding  on  a  new  victim.  Several  kinds 
of  mosquitoes3  carry  this  disease.     It  occurs  in  many  parts  of  the  tropics. 

The  fourth  disease  of  which  mosquitoes  are  the  known  carriers  is 
dengue  or  breakbone  fever.  It  occurs  in  our  southern  states,  but  is 
more  prevalent  in  the  tropics.  It  is  seldom  fatal,  but  may  attack  practi- 
cally the  whole  population  of  a  village  or  community,  so  that  temporarily 
great  inconvenience  and  suffering  are  experienced.  The  symptoms  are  a 
very  high,  intermittent  fever  accompanied  by  terrible  aches  in  the  bones 
and  joints.  The  cause  of  the  disease  has  never  been  found  and  is  believed 
to  be  an  ultra-microscopic  organism.  It  is  spread  chiefly  by  the  bites 
of  the  common  house  mosquito  of  the  tropics,  also  by  the  yellow-fever 
mosquito. 

Animals  Attacked. — While  the  diseases  just  discussed  are  known  to  be 
troublesome  only  in  man,  mosquitoes  bite  all  kinds  of  domestic  and  wild 
animals,  and  doubtless  transmit  diseases  to  them  (e.g.  bird  malaria). 

Distribution. — While  yellow  fever  has  been  nearly  stamped  out,  the 
mosquito  which  carried  this  disease  is  still  common  in  the  southern  part 
of  the  United  States  and  the  tropics.  Other  mosquitoes  range  from  the 
equator  nearly  to  the  poles  and  from  sea  level  to  at  least  7,000  feet  altitude. 

Life  History,  Appearance,  and  Habits. — Since  there  are  more  than  350 

kinds  of  mosquitoes  in  North  America,  we  shall  attempt  to  give  only 

certain  general  features  of  their  life  cycle  and  habits.     Many  species  of 

mosquitoes  go  through  the  winter  in  the  egg  stage.     Some  winter  as  adult, 

Fertilized  females  in  washrooms,  cellars,  outbuildings,  hollow  trees,  and 

•ther  shelters,  where  they  are  often  seen  hiding  in  fall  and  spring.     Others 

1  Leptospira  ideroides  Nbguchi,  was  described  in  1010  as  the  pathogen. 
1  Filaria  bancrofti  Cobbold,  Phylum  Nemathelminthee,  (lass  Nematode^  Family 
Fuariidse. 

The    mos1     importanl    one  is  Culex  quinquc fascial  us   Say,    the   common   house 
;irito  of  the  tropics. 
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Burvive  I  be  winter  in  the  Larva  stage,  either  freezing  up  with  fche  water  or 

remaining  dormant  at  the  bottom  of  ponds  and  puddles.     Mosquifc 

always  develop  in  water,  and  their  eggs  arc  laid  on  the  water  or  in  places 
where  water  is  likely  to  accumulate,  as  on  ice  or  snow  or  in  dry  depn 


I  [q.  549.- — Larva  of  a  malarial  mosquito,  Anopheles  guadrimaetdattu  (Say),  in  resting 

position  at  the  surface  of  the  water.  About  five  times  natural  size.  (From  U.  8.  D.  A. 
Farmers'  Hull.  450.) 

sions.  The  eggs  of  the  common  Culex  mosquitoes  are  built  in  minute 
rafts  that  look  like  a  bit  of  soot  floating  on  the  water  but  are  really 
composed  of  several  hundred  eggs  standing  on  end.  The  eggs  of  malarial 
mosquitoes   and   yellow-fever  mosquitoes   are   laid   singly,   the  former 


Fig.  550. — Female  malarial  mosquito,  Anopheles  punctipennis  (Say),  about  four  times 
natural  size.  Antenna  of  male  at  right,  wing  with  scales  removed  to  show  venation,  at 
left.      (From  Fernald,  "Applied  Entomology.") 

having  curious  hollow  expansions  at  the  middle  like  a  life  belt,  that  keep 
them  floating  (Fig.  548). 

The  larva?  of  mosquitoes  (Figs.  548  and  549)  are  the  common  "wrig- 
glers" of  rain  barrels  and  quiet  pools.  The  head  is  large,  and  has  com- 
plex mouth  brushes  that,  constantly  in  motion,  waft  food  into  the  mouth 
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The  mouth  parts  are  of  the  chewing  type,  and  they  Teed  on  algae  and  other 
Bmall  plant  or  animal  life  cither  living  or  dead.  The  thorax  is  swollen 
and  appears  as  one  Begment,  bul  has  no  trace  of  legs  in  this  stage.     The 

abdomen  is  slenderer  and  bears  on  the  eighth  or  next-to-last  Begment  a 

short   tube,  known  as  a  siphon,  which  the  larva  innst   thrust   up  into  the 

air  at  intervals  to  breathe.  This  supply  of  air  is  supplemented  by  four 
finger-like,  tracheal  gills  attached  to  the  last  segment  on  the  body,  by 
which  oxygen  is  taken  from  that  dissolved  in  water.  The  gills  alone  will 
iu»t  keep  the  larva4  alive,  and  they  must  come  often  to  the  surface  to 
breathe.  Indeed,  they  usually  lie  with  the  siphon  projecting  up  through 
the  surface  film  and  the  rest  of  the  body  hanging  down  at  an  angle  in  the 
water.  In  the  larvae  of  malarial  mosquitoes,  the  siphon  is  very  short 
and  the  larvae  generally  lie  parallel  to  the  surface  just  below  the  surface 
film.  When  disturbed  they  swim  down  into  the  water  by  lashing  the 
abdomen  from  side  to  side. 

In  as  short  a  time  as  2  days  to  2  weeks,  the  larvae  may  be  full-grown, 
about  [is  inch  long  in  common  species.  The  change  to  the  pupa  stage 
takes  place  quickly  at  the  fourth  molt.  This  is  a  very  unusual  kind  of  a 
pupa  (Fig.  548).  It  swims  about  actively  in  the  water,  avoids  enemies, 
and  does  nearly  everything  the  larva  does  except  to  feed.  It  breathes 
through  two  trumpet-like  tubes  on  the  thorax.  The  eyes,  legs,  and  wings 
can  be  seen  developing  through  the  body  wall  on  the  large  combined  head 
and  thorax.  The  pupa  stage  is  often  called  a  " tumbler."  After  a  few 
lours  to  a  few  weeks  in  this  condition,  the  insect  splits  its  skin  down  the 
lack  and  the  adult  (Fig.  550)  crawls  out,  balances  for  a  few  moments  on 
the  empty  pupal  shell  until  its  wings  spread  and  dry,  and  then  flies  away. 
Most  species  pass  through  a  number  of  generations  each  year. 

The  larvae  and  pupae  of  many  common  species  breed  in  stagnant  water 

)f  large  or  small  quantity — anything  from  a  bit  of  rainwater,  caught  in  a 

discarded  tin  can,  to  the  acres  and  acres  of  marsh  water  along  our  coasts 

md  streams.     The  larvae  of  malarial  mosquitoes  breed  in  a  great  variety 

if  situations,  including  especially  slowly  moving  or  standing  water  in 

vhich  green  algae  abound.     The  yellow-fever  mosquito  breeds  especially 

n  and  about  dwellings  and  in  cities  wherever  a  bit  of  water,  clean  or  foul, 

s  left  exposed  long  enough  for  it  to  complete  its  aquatic  cycle.     The  adult 

»f  this  species  bites  chiefly  in  the  late  afternoon  and  early  morning.     It 

I  stealthy,  does  not  make  a  very  loud  hum,  is  fond  of  crawling  up  under 

he  clothing  to  bite,  and  prefers  to  stay  in  dwellings  and  other  buildings. 

t  has  a  peculiar,  white,  lyre-like  pattern  on  the  thorax.     The  malarial 

losquitoes  bite  chiefly  in  the  evening  and  early  morning.     Many  of  them 

an  be  distinguished  from  non-malarial  kinds  by  the  white-and-black  or 

fcty-red  spotting  of  the  wings.     The  females  also  differ  in  having  the 

alps  about   as  long  as  the  labium,  whereas  other  mosquitoes  have  the 

alps,  in  the  female,  not  over  a  third  or  fourth  as  long  as  the  other  mouth 
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parts.  When  biting  or  resting,  the  Long  axis  of  the  body  in  the  malarial 
mosquitoes  is  at  an  angle  to  the  Burface  on  which  they  are  standing,  while 
the  common  Culex  mosquitoes  hold  the  body  parallel  to  the  surface, 

Other  kinds  of  mosquitoes  bite  mostly  at  night,  but  there  are  enough  that 
venture  forth  in  daytime  in  most  sections  to  make  life  uncomfortable  at 
any  hour  of  the  day  or  night,  especially  in  the  woods  or  about  lowlands, 

Control  Measures. — Since  no  mosquito  can  come  into  its  winged  exist- 
ence without  water  in  which  to  grow,  the  best  control  is  the  removal  of 
excess  standing  water  by  draining  swamps,  pools,  and  open  ditches,  by 
doing  away  with  trash  and  all  useless  receptacles  which  may  hold  water, 
and  by  seeing  that  water  does  not  stand  in  roof-  or  street-gutters,  catch 
basins,  and  drains.  Water  which  cannot  be  drained  may  be  rendered 
mosquito-free  by  applying  a  thin  film  of  oil  to  the  surface,  using  about  1 
pint  (preferably  a  light  fuel  oil  or  half  kerosene  and  half  crude  oil)  to  each 
250  square  feet  of  surface  every  12  days.  The  malarial  mosquitoes  (only) 
may  be  killed  by  dusting  Paris  green  (or  crude  sodium  arsenite)  over  the 
water,  using  about  2  level  teaspoonfuls  of  Paris  green  in  100  times  as  much 
fine  dry  dust  for  each  1,000  square  feet  of  surface.  It  may  be  distributed 
by  hand  or,  for  large  areas  and  impenetrable  swamps,  from  airplanes. 

The  introduction  of  top-feeding  minnows,  goldfish,  and  other  kinds  of 
fish  which  feed  on  the  larvae  is  a  practicable  control  in  ponds  or  slow 
streams  where  the  aquatic  plants  or  shallowness  of  the  water  does  not  keep 
them  away  from  the  margins.     The  complete  and  careful  screening  of 
houses  or  beds  is  essential  to  comfort  and  health  in  most  parts  of  the 
world.     Mosquitoes  may  be  cleaned  out  of  a  house  by  the  use  of  certair 
commercial  oil,   pyrethrum  sprays,  or  by  generating  hydrocyanic-acic 
gas,  or  burning  sulfur  as  a  fumigant  (see  pp.  255,  259).     When  onemusi 
be  exposed  to  mosquitoes,  gloves,  veils,  and  leggings  give  a  partial  protec- 
tion, as  does  the  application  of  a  repellent  oil.     Of  the  many  mixtu  ei 
recommended  for  this  purpose,  oil  of  citronella  alone  or  mixed  with  equa 
parts  of  spirits  of  camphor  and  half  as  much  oil  of  cedar  is  probably  a; 
good  as  anything.     The  addition  of  oil  of  tar  makes  the  repellents  sticl 
longer  on  the  skin. 


References. — "  The  Mosquitoes  of  North  and  Central  America  and  the  West  Indies, 
4  Vols.  The  Carnegie  Inst,  of  Washington,  1912;  U.  S.  Dept.  Agr.  Bur.  Entomol.  Bui 
88,  1910;  U.  S.  Dept.  Agr.  Farmers'  Bull.  1354,  1923;  N.  J.  Agr.  Exp.  Sta.  Bulls.  27< 
1915  and  348,  1921. 

Black  Flies,  Buffalo  Gnats,  or  Turkey  Gnats1 

Importance  and  Type  of  Injury. — Small,  clear-winged,  humpbacke 
gnats  (Fig.  551),  hover  about  the  eyes,  ears,  nostrils,  and  other  parts  A 
the  body,  making  little  noise  but  promptly  alighting  and  sucking  bloo 
through  their  short,  sharp  mouth  parts.     They  often  appear  in  gre£ 

1  Various  species  of  Simulium  and  related  genera,  Order  Diptera,  Family  Simuliidf 
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numbers  and  may  be  drawn  Into  the  air  passages  of  animals,  as  poultry 
and  large  animals  are  apparently  Bometimes  smothered  by  the  swarms  of 
flies.  The  bites  are  very  irritaf  ing,  and  in  many  sect  ions  of  our  norl  hern 
si  Mies  and  (  ana  da,  these  little  blood-sucking  ghats  make  life  unendurable 

for  a  definite  season,  mostly  in  spring.  They  bite  especially  about  the 
face  and  neck  but  also  on  arms  and  any  other  part  of  the  body  that  is 
exposed,  and  do  not   hesitate  to  crawl  under  the  clothing  to  attack.      The 

bites  are  not   especially  painful  when  made,  but  become  increasingly 

Itching,  swollen,  and  Irritating  for  some  days.      Black   flies  were,  ;it   one 
time  BUSpected  of  being  carriers  of  the  human  dis- 
ease, pellagra,  but  this  has  been  disproved. 

Animals  Attacked. — All  warm-blooded  animals. 

Distribution. — Some  species  occur  in  nearly  all 
parts  of  the  United  States  and  Canada.  Especially 
troublesome  in  the  northern  woods  and  mountains. 

Life  History,  Appearance,  and  Habits. — There 
are  many  species  of  black  flies  which  differ  con- 
siderably in  life  cycle.  They  generally  winter  as 
maggots  below  the  water  surface  in  swift,  rocky 
streams,  and  the  adult  flies  in  many  sections  are  Fig.  551.  —  Adult 
most  abundant  in  spring.     The  adults  are  from  14*.    [)uffalo    gnat,  Prosimu- 

hum    pecuarum    (Riley), 

to  '5  inch  long,  with  broad  clear  wings  and  sooty    about  five  times  natural 

black,  chunky  body  from  the  front  end  of  which  the    s*ze-  T^From    Ill\  sta*re 
'  ,  ,  *aL  HlsL  Sur-<  afUr  H- 

head    hangs    dowmward,    giving   them    a    curious    Carman.) 

humpbacked  appearance. 

The  eggs  are  deposited  on  the  surface  of  rocks  in  swiftly  flowing 
streams  or  attached  to  the  leaves  or  stems  of  trees  or  plants  so  near  the 
water  that  the  weight  of  many  eggs  laid  by  a  number  of  females  may  sub- 
merge them.  On  rocks  they  often  form  large,  slime-covered  patches,  at 
first  yellowish,  changing  to  black.  Within  a  week  to  a  month  the  eggs 
hatch,  and  the  curious  yellow,  brown,  or  black  larva?  attach  to  the  surface 
of  rocks  or  loop  about  by  means  of  suckers,  fore  and  aft,  and  also  by 
clinging  to  silken  threads  which  they  fasten  to  the  rocks.  Often  they 
make  conspicuous  black  moss-like  patches,  several  feet  across  in  the 
shallow  water  of  rapids  and  at  the  brink  of  waterfalls.  If  such  patches 
are  examined  in  detail  they  are  seen  to  consist  of  thousands  of  larva' 
attached  by  their  posterior  ends,  standing  erect  in  the  water  with  a  pair 
of  palmate  brushes  on  the  head  fanning  food-laden  water  into  the  mouth. 
The  food  is  minute  plant  and  animal  life  such  as  alga?,  protozoa,  and  dia- 
toms. The  larva?  are  therefore  entirely  harmless  creatures  that  develop 
in  streams  often  far  from  human  habitations.  After  a  month  or  so  in 
this  stage,  or  in  some  species  not  until  the  following  spring,  growth  is 
completed  and  the  larva  makes  a  kind  of  open-end,  silken  cocoon  attached 
to  the  rock,  in  which  the  pupa  sits  with  its  breathing  tubes  or  tracheal 


8  '•!  DESTRUCTn  E    \\h  I  SEFl  I  INSECTS 

gills  floating  freely  in  tin-  water.  One  bo  three  weeks  Later  the  adults 
emerge,  float  to  the  surface  of  the  water,  and  quickly  take  wing  before 
being  drowned  in  the  current .     Simultaneously  wit  h  t  heir  emergence  from 

the  pupa'  they  change  from  harmless  aquatic  curiosities  to  bloodthirsty 

plagues  (Fig.  551),  that  seek  warm-blooded  animals  of  all  kinds,  pierce  t  he 
skin  and  draw  the  blood,  leaving  at  t  he  same  time  an  irritating  venom  t  hat 
causes  extreme  pain.  It  is  only  the  females  that  suck  blood.  Sometimes 
black  flies  appear  in  sections  remote  from  swift,  rocky  streams.  This 
may  be  due  to  migration  (aided  by  winds)  from  a  considerable  distance, 
but  it  must  be  remembered  that  there  are  many  species  of  these  flies 
and  the  life  habits  of  most  of  them  are  imperfectly  known.  Whereas 
their  favorite  breeding  grounds  are  the  ripples  of  swift  streams,  some 
kinds  must  develop  in  large  streams,  ditches,  and  other  slowly  moving 
water. 

Control  Measures. — When  one  must  venture  into  territory  preoccupied 
by  these  gnats,  the  clothing  should  be  securely  closed  at  boot  tops  and 
wrists,  and  gloves  and  head  veils  worn  if  possible.  Repellents  such  as 
recommended  for  mosquitoes  are  also  of  some  importance,  but  must  be 
applied  frequently.  One  of  the  most  important  measures  for  the  protec- 
tion  of  live  stock  is  to  provide  smudges  in  the  fields  or  before  the  doors  of 
bains  or  poultry  houses  by  burning  bark,  moist  punky  wood,  old  leather, 
or  green  grass.  The  flies  will  not  attack  in  the  smoke.  Repellent  oils  or 
sprays  such  as  recommended  for  the  horn  fly  are  of  only  temporary  value. 

It  is  extremely  difficult  to  destroy  them  in  their  breeding  grounds. 
The  application  of  a  few  gallons  of  phinotas  oil  to  a  small  stream  will  kill 
the  larvae  and  pupa?  down  stream  for  many  rods  but  it  also  kills  the  fish. 
Cleaning  and  deepening  channels  to  remove  logs,  roots,  stones,  and  other 
obstructions  that  cause  ripples  and  waterfalls  helps  to  reduce  the  numbers 
of  these  flies. 

References— U.  S.  Dept.  Agr.  Bur.  Ent.  Bull.  5,  n.  s.,  1896;  U.  S.  Dept.  Agr.  Dept. 
Bull.  329,  1916;  V.  S.  Dept.  Agr.  Bur.  Entomol  Tech.  Ser.  Bull.  26,  1914. 

PUNKIES    (>U    No-SEE-UMS1 

These  blood-sucking  midges  (Fig.  552)  are  not  uniformly  distributed,  but  occur 
locally  in  numbers  sufficient  to  make  them  almost  intolerable.  They  bite  chiefly 
very  early  in  the  morning  and  at  dusk.  In  some  species  the  bite  is  very  burning  and 
painful  and  the  victim  is  likely  to  be  astonished  when  he  notes  the  extremely  small  size 
of  the  creature  that  inflicted  it. 

Life  History,  Appearance,  and  Habits. — Punkies  are  very  small,  two-winged  midges, 
commonly  3^i  o  the  length  of  a  mosquito,  the  wings  hairy  and  sometimes  pictured  but 
never  with  flattened  scales.  Two  long  veins  near  the  front  of  the  wings  are  distinct, 
the  others  very  faint.  The  mouth  parts  are  short,  the  body  moderately  heavy,  and 
the  legs  rather  stout.     The  larvae  develop  in  fresh  or  rarely  in  salt  water,  in  ponds  and 


1  Culicoides  spp.  Order  Diptera,  Family  Chironomidae. 
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pools  of  a  variety  of  kinds.  They  are  very  slender  and  have  a  Bmall  brown  head  .■mil  ;i 
i uit  of  hairs  at  the  opposite  end.  They  breathe  by  means  of  Mood  gilla  after  tin- 
manner  of  fish.     The  pupa  is  said  to  float  in  the  water  breathing  from  above  'lie 

surface  film. 

'     mtrol    Minsuns.      The  same  as  for  mosquitoes. 


Horseflies  <>u  Deer  Flies1 

Many  of  the  horseflies  do  not  attack  man,  hut.  a  number  of  species  of  banded- 
winged,  smaller,  deer  flies  descend  upon  him  when  he  Ventures  into  their  haunts  in 
woods  or  marshes.  'They  fly  threateningly  about  the  head  in  wild  circles  and  if  not, 
constantly  warded  off  alight  and  sink  their  mouth  blades  into  the  exposed  skin.  The 
bite  is  instantly  very  painful  and  considerable  blood  is  drawn.  Horseflies  are  the 
known  carriers  of  anthrax,  which  they  may  spread,  if  disturbed  while  feeding  on  a 
diseased  animal  or  carcass,  by  biting  another  person  or  animal  soon  afterwards. 


Fig.  552. — A  punkio  or  no-see-um,  Culicoides  guttipennis  (Coquillett).     a,  adult,  fifteen 
times  natural    size;  b,    head  of  adult,    more   enlarged;   c,  larva;  d,  head  of  larva;  e,  pupa. 
(From    Riley   and   Johannsen,    "Handbook   of  Medical    Entomology,'1''  after  Pratt.   Courtis;/ 
lock  Publishing  Co.) 


Control  Measures. — General  measures  are  discussed  under  Horses  (see  p.  770). 
The  -a me  repellents  recommended  for  mosquitoes  are  useful  in  preventing  the  bites 
of  horseflies. 

Stable  Fly2 

Tin-  insect,  winch  has  been  fully  discussed  under  Horses,  commonly  comes  indoors 
or  on  porches,  especially  before  a  storm  and  bites  people.  It  selects  especially  thinly 
clad  ankle-  or  exposed  arms  on  which  to  feed.  It  is  often  called  "the  biting  house  fly," 
but  should  not  be  confused  with  the  true  house  fly.  The  two  species  can  be  distin- 
guished by  the  characters  given  in  the  key. 

1  Chrysops  8pp.,  Order  Diptera,  Family  Tabanidse. 

1  Stomoxys  calcitrant  Linn6,  Order  Diptera,  family  Muscidse. 
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Importance  and  Type  of  Injury.  The  bite  of  a  bedbug  is  not  generally 
felt  immediately,  but  the  venom  introduced  Boon  causes  itching,  burning, 
and  swelling  to  a  variable  degree,  depending  on  individual  susceptibility. 
On  many  people  the  bites  become  increasingly  painful  for  a  week  or  more. 
To  many  who  live  in  refined  homes  and  travel  but  little,  the  bedbug  may 
seem  a  joke,  but  there  are  thousands  who  live  in  congested  city  districts, 
who  never  get  a  night's  rest  free  from  the  attack  of  this  loathsome  pesl . 
On  account  of  the  ease  with  which  the  insect  is  carried  in  baggage,  hotel 

keepers  find  it  one  of  their  greatest  plagues 
and  any  one  who  travels  extensively  must 
expect  to  meet  this  bug  frequently,  not  only  in 
the  cheap  but  also  in  the  best  of  hotels  and  in 
sleeping  cars.  Under  such  conditions  the  bugs 
probably  feed  on  different  persons  nearly 
every  time  they  draw  blood,  and  the  condi- 
tions are  very  favorable  for  the  spread  of  any  j 
blood-infesting  disease  organism.  These  in- 
sects have  been  suspected  as  carriers  of  leprosy, 
bubonic  plague,  oriental  sore,  relapsing  fevers, 
and  of  a  very  fatal  disease  in  India  known  as 
kola  azar;  but  so  far  the  proof  that  they  are 
important  in  the  transmission  of  any  disease 
is  not  very  conclusive. 

Animals    Attacked. — Besides    feeding    on 
man,   the  bedbug  will  attack  mice,  rabbits, 
guinea  pigs,  horses,  cattle,  and  chickens  when 
it  is  kept  captive;  and  it  may  regularly  feed 
on  some  of  these  in   its   natural  surroundings. 

Distribution. — The  true  bedbug  is  found  all  over  North  America,  and 
is  nearly  cosmopolitan. 

Life  History,  Appearance,  and  Habits. — In  warmer  regions  and  in 
rooms  that  are  kept  uniformly  heated,  the  bedbug  probably  breeds 
throughout  the  year;  in  rooms  where  the  temperature  lowers  perceptibly 
in  winter  it  apparently  winters  chiefly  as  adults  and  nymphs,  and  egg 
laying  is  suspended  until  spring.  The  eggs  may  be  found  at  any  time 
during  the  warm  months  of  the  year.  They  are  laid  in  cracks  of  furniture, 
behind  baseboards,  under  loose  edges  of  wall  paper  and  all  such  crevices, 
where  the  adults  hide  during  the  day.  They  are  elongate,  whitish,  big 
enough  to  be  easily  seen,  and  have  a  distinct  lid  at  one  end.  Each  female 
may  lay  from  75  to  200  eggs.  The  young  bugs  are  similar  to  the  adult 
when  they  hatch,  but  paler  yellow  in  color.     They  molt  five  times,  and 


Fig.  553. — A  bedbug,  Cimex 
lectidariua  Linne,  eight  times 
natural  size.  (From  Herrick, 
"  Injects  Injurious  to  the  House- 
hold" copyright,  1914,  by  the 
Mnemillan  Company.  Re- 
printed by  permission.) 


Ciinex  hctu.larius  Linne,  Order  Hemiptera,  Family  Cimicidae. 
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:ii  the  last  molt  the  abbreviated,  useless,  rudimentary  wings  appear  and 
the  insect  is  adult.  Any  one  bug  probably  does  not  feed  every  night  but, 
according  to  Marlatt,  at  least  once  a  week  or  once  before  each  molt. 
They  may  become  adult  within  a  month  or  two  after  hatching,  but 
ordinarily  growth  is  much  slower,  and  there  are  from  one  to  four  genera- 
tions a  year.  They  may  live  long  periods  (4  to  12  months)  without 
food.  They  may  also  feed  on  mice  and  other  animals  than  man,  so 
that  empty  houses  may  remain  infested  for  long  periods.  Both  males 
and  females  live  on  blood  alone. 

Any  very  flat  brown  bug  is  likely  to  be  mistaken  for  the  bedbug. 
There  are  many  species  living  under  bark  of  trees1  that  look  something 
like  bedbugs,  but  do  not  bite,  and  there  are  several  other  species  that  live 
in  the  nests  of  birds  and  bats,  sucking  their  blood.  Many  false  notions 
about  bedbugs  are  current  because  people  do  not  distinguish  these  similar- 
looking  insects.  The  true  bedbug  (Fig.  553)  may  be  recognized  by  the 
very  slender  third  and  fourth  segments  of  its  antennae  (the  second  segment 
being  shorter  than  the  third),  by  its  almost  lunate-shaped  thorax  into 
which  the  head  is  sunken  and  by  being  covered  with  very  short  hairs. 

Control  Measures. — A  house  infested  with  bedbugs  should  be  fumi- 
gated either  with  hydrocyanic  acid  gas,  using  1  ounce  of  sodium  cyanide, 
or  the  equivalent  of  calcium  cyanide,  to  each  100  cubic  feet  of  space  (see 
p.  254);  or  by  burning  sulfur  at  the  rate  of  4  pounds  to  each  1,000  cubic 
feet  (see  p.  259);  or  should  be  superheated  to  130°  F.,  holding  this  tem- 
perature for  3  to  6  hours.  If  the  bugs  are  believed  to  be  localized  in  some 
piece  of  furniture,  they  may  be  killed  by  applying  kerosene  or  gasoline 
very  thoroughly  to  all  the  cracks.  Mattresses,  rugs,  and  upholstery 
can  be  effectively  treated  by  steam  cleaning.  New  and  especially 
second-hand  furniture,  laundry,  and  similar  articles  delivered  to  the 
home  should  be  watched  that  the  bedbug  be  not  introduced  with  them. 
If  one  is  traveling  extensively,  it  is  advisable  to  carry  a  small  bottle  of 
pyrethrum  powder  to  be  sprinkled  over  the  bed  under  the  sheets  if  these 
pests  are  found  or  suspected  in  the  room.  This  will  usually  keep  them 
from  attacking  one  for  the  single  night. 

Inference. —  U.  S.  Dept.  Agr.  Farmers''  Bull.  754,  1916. 

Assassin  Bugs  or  Kissing  Bugs 

1 inportance  and  Type  of  Injury. — The  bites  inflicted  by  the  Mexican 
bedbugs  or  big  bedbugs,2  China  bedbugs3  and  the  so-called  "kissing bugs" 
or  blood-sucking  cone-noses4  are  scarcely  exceeded  in  severity  by  any 
other  insect.     They  have  been  likened  in  effects  to  snake  bites.     The 

1  Flal   hugs,  Order  Hemiptera,  Family  Aradid:r. 

1  Triatoma  sanguisuga  Leconte,  Order  Hemiptera,  Family  Reduviidse. 

•  Triatoma  protracta  (Uhler),  Order  Hemiptera.  Family  Reduviidse. 

*Opricoetea  pertonaHu  (Linn6)  and  Melanolutes  picipea  Herrick-Schaeffer. 
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pain  is  intense  and  usually  affects  a  considerable  pari   of  the  bod 
swelling  generally  follows;  and  in  the  worst  cases  faintness,  vomiting, 
and  other  ill  effects  are  experienced  that  may  last  weeks  or  even  month* 

la   Brazil  a  related  species  is  the  carrier  of  a  highly  fatal  disease  known 
as    ChagaS    disease.      These    bites    may    he   experience!  1    when    one    pi< 
up  the  bugs  or  when  they  fly  against  the  face.     In  the  South  and  South- 
west, the  ''big  bedbugs,"  mentioned  above,  are  aggressive  and  come  into 
houses  and  bite  at   night   to  secure  a  meal  of  blood.      It   is  believed  that 


Fig.  554. — 'An  assassin  bug  or  "kissing  bug,"  Melanolestes  picipes  Herrick-SchaofTor,  male, 
about  four  times  natural  size.      (From  III.  State  Nat.  Hist.  Sur.) 

many  of  the  painful  bites  of  which  spiders  are  accused,  are  caused  by  these 
bugs. 

Animals  Attacked. — Man,  domestic  mammals,  and  poultry. 

Life  History,  Appearance,  and  Habits. — The  eggs  of  these  bugs  are 
mostly  laid  out-of-doors  under  stones,  logs,  or  other  shelter,  or,  in  some 
species,  on  plants.  The  young  bugs  probably  feed  chiefly  on  other 
insects,  but  may  attack  warm-blooded  animals.  One  species  is  known 
as  the  masked  bedbug  hunter  because  the  nymph  has  a  sticky  secretion 
all  over  the  body  to  which  dust  and  lint  adhere  so  that,  as  it  crawls  along 
the  floor,  it  looks  like  a  bit  of  lint  being  blown  along.  It  is  believed  to 
catch  bedbugs  and  suck  the  blood  from  them.  So  far  as  these  species 
have  been  studied,  it  appears  that  they  have  but  one  generation  a  year, 
as  a  rule. 

These  bugs  (Fig.  554)  have  the  characteristics  of  the  order  Hemiptera. 
The  head  is  long,  somewhat  conical,  the  prothorax  narrows  in  front,  the 
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wrings  oroBfl  over  flat  on  the  back  and  the  edges  of  the  abdomen  are  pro- 
duced as  thin  flat  plates  at  the  sides  of  the  wings.  These  plates  are  in 
Borne  species  marked  with  pink  or  red  bars,  though  the  general  color  is 
dark  brown  <>r  black. 

( 'ontrol  Measures. — No  conl  rol  is  known  except  lo  screen  I  lie  bugs  OU1 
of  houses  and  to  be  very  careful  about   picking  them  up.      If  they  alighl 

on  the  face  flip  them  off  quickly  and  do  not  take  hold  of  them. 

I'm.  \> 

Importance  and  Type  of  Injury.-  Everyone  knows  thai  fleas  com- 
monly infest  dogs  and  cats,  and  many  have  experienced  the  painful 
irritating  bites  thai  result  when  they  suck  the  blood  of  man.  The  bites 
are  likely  not  to  be  felt  immediately,  but  become  increasingly  irritating 
and  sore  for  several  days  to  a  week  or  more  afterward.  Unlike  lice  and 
ticks  which,  having  found  a  host  cling  to  it  for  dear  life,  fleas  shift  from 
host  to  host  and  feed  indifferently  on  several  kinds  of  animals.  The  cat 
flea1  is  nearly  as  likely  to  be  found  on  a  dog  or  a  man  as  on  a  cat,  and  the 
so-called  human  flea2  has  been  taken  from  dogs,  skunks,  rats,  mice,  and 
deer.  The  rat  flea  and  those  of  ground  squirrels  also  bite  man.  This 
promiscuous-feeding  habit  makes  possible  the  most  serious  injury  that 
fleas  inflict,  namely  the  transmission  of  bubonic  plague  from  man  to  man. 
This  is  not  the  only  way  that  plague  may  be  contracted,  but  in  the  great 
epidemics  fleas  have  been  the  most  important  factor  in  the  spread  of  the 
disease.  Plague  is  a  bacterial  disease  caused  by  Bacillus  pestis.  This 
organism  causes  a  fatal  disease  in  rats  as  well  as  in  man.  In  man  these 
bacilli  rapidly  increase  in  numbers  in  the  blood,  lungs,  or  lymph  glands, 
and  in  the  most  prevalent  form  of  the  disease,  swellings  from  the  size 
of  a  golf  ball  to  that  of  an  orange  appear  on  the  body,  especially  about 
the  groin  and  armpits.  From  20  to  95  per  cent  of  the  cases  terminate 
fatally.  Unlike  the  mosquito-borne  diseases,  no  essential  part  of  the 
life  cycle  of  the  plague  bacillus  takes  place  in  the  body  of  the  flea.  At 
least  nine  different  species  of  fleas  may  carry  the  disease. 

Animals  Attacked. — Man,  hogs,  dogs,  cats,  rabbits,  rats,  mice,  and  all 
other  kinds  of  rodents  and  many  other  animals  are  bitten  by  fleas. 
Bubonic  plague  occurs  in  man,  rats,  mice,  certain  ground  squirrels,  and 
some  other  rodents. 

Distribution. — Fleas,  as  a  group,  are  cosmopolitan.  Bubonic  plague 
has  been  most  serious  in  Asia,  Europe,  and  Africa.  In  the  fourteenth 
century  a  great  epidemic  swept  the  Old  World  during  which  it  is  estimated 
that  about  25,000,000  poc-plo-  died  of  this  disease.  In  1900  to  1914, 
there  were  a  number  of  cases  in  San  Francisco,  and  in  191  \  a  mild  out- 
break of  this  disease  occurred  in  New  Orleans. 

1  Cienocephalus  felis  (Bouch6),  Order  Siphonaptera,  Family  Pulicidse. 
-  Pvlex  irritans  Linn.'.  Order  Siphonaptera,  Family  Pulicidae. 
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Life  History,  Appearance,  and  Habits.— Fleas,  lik<i  most  of  t li<-  para- 
sites   of    the    large    animals,    continue    (heir    activity    and    reproduction 

throughout  the  winter,  but  breeding  and  all  life  processes  are  somewhat 

slowed  down  by  cold  weather.  Although  the  adults  are  the  only  stage 
most  of  us  see,  tleas  pass  through  all  of  the  stages  of  a  complete  meta- 
morphosis. The  eggs  (Fig.  555,  b)  are  deposited  in  either  the  dust ,  dirt, 
or  bedding  of  the  host,  or  laid  while  the  female  is  on  an  animal.  They 
are  never  glued  fast  to  the  hairs,  and  those  laid  on  the  host  usually  sift 
readily  through  the  hairs  to  the  ground.  The  eggs  are  white,  relatively 
large,  and  only  a  few  are  laid  at  a  time,  though  the  total  number  may  be 
several  hundred.  The  length  of  the  egg  stage4  is  given  as  2  to  14  days. 
The  young  flea  (Fig.  555,  c)  is  a  very  slender  whitish  larva  about  1  inch 


Fig.   555. — A    flea,     a,    adult;   b,    egg;   c,   larva;   d,    cocoon.     All   much   enlarged.      (From 

U.  S.  D.  A.) 


long  with  a  small  brown  head  but  without  legs  or  eyes.  The  body  is 
plainly  segmented  and  is  covered  with  scattered  long  hairs.  The  larva 
has  chewing  mouth  parts  and  feeds  on  a  variety  of  dry  organic  matter 
such  as  the  excreta  of  the  adult  fleas  or  that  of  mice,  rats,  and  other 
rodents.  Larvae  can  be  reared  successfully  on  the  dirt  scraped  from  the 
cracks  of  a  wooden  floor.  The  larval  stage  occupies  from  1  to  5  weeks 
or  more,  and  two  molts  have  been  recorded.  However,  since  the  larvae 
generally  eat  their  molted  skins  there  may  be  additional  instars  that 
have  not  been  observed. 

When  full-grown  the  larva  forms  a  small  oval  cocoon  of  white  silk  to 
which  adhere  particles  of  dust  and  trash  so  as  to  give  it  a  dirty,  obscure 
appearance.  From  this  cocoon  (d)  the  flea  emerges  in  1  to  5  weeks 
although  it  may  pass  the  winter  in  this  way.  Thus  2  or  3  weeks  to  2  or 
3  months  are  required  for  a  generation  of  fleas  of  different  species  and 
under  varied  conditions.  It  thus  happens  that  a  house  or  basement  in 
which  cats  or  dogs  have  been  permitted  may  be  closed  during  an  absence 
of  the  occupants  and  found  upon  their  return  to  be  overrun  with  these 
pests,  although  all  animals  have  been  excluded  for  a  considerable  time. 
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Adult  fleas,  after  having  fed,  have  been  kept  alive  for  50  to  LOO  de 
wit  hout  furl  her  food. 

Control  Measures.  The  habits  of  fleas  make  it  plain  thai  either  to  rid 
an  animal  of  the  pests  or  to  clean  up  infested  premises,  the  control 
measures  must  be  of  two  kinds:  (1)  treatment  of  any  cats,  dogs,  hogs,  or 
other  infested  animals,  to  kill  the  adults  on  them;  and  (2)  thorough  and 
vigorous  treatment  of  the  kennels,  pens,  or  sleeping  quarters  and  even 
of  the  dry  soil,  dry  manure  and  other  litter  in  hog  lots,  under  porches 
and  in  or  under  buildings  to  which  the  infested  animals  have  had  acce 

The  best  t  real  ment  of  pets  is  a  thorough  bath  in  warm  water  to  which 
has  been  added  from  2  to  4  tablespoonfuls  of  creolin  to  each  gallon;  or 
certain  miscible  oils  or  creosote  dips.  The  head  as  well  as  other  parts 
of  the  body  must  be  wetted,  by  dipping  it  under  and  quickly  rinsing  the 
eyes  with  clean  water.  After  10  or  15  minutes,  during  which  the  animal 
must  be  prevented  from  licking  its  coat,  the  creolin  is  washed  out 
with  warm  water  and  soap,  and  the  animal  allowed  to  dry  its  skin  in  a 
warm  place.  If  bathing  in  this,  manner  cannot  be  performed,  dry 
powdered  derris  or  pyrethrum  may  be  sifted  into  the  fur.  This  should 
be  done  over  a  box  or  paper  and  the  fleas  which  drop  from  the  animal 
should  be  burned  to  prevent  their  recovery.  For  hogs  the  methods 
recommended  for  hog  lice  (p.  799)  are  effective. 

Houses  or  basements  in  which  fleas  are  established  should  be  fumi- 
gated with  hydrocyanic  acid  gas  (see  p.  254);  or  by  burning  sulfur  (see 
p.  259);  or  by  closing  the  rooms  tightly,  one  after  another,  and  sprinkling 
over  the  floor  about  5  pounds  of  flake  naphthalene  for  an  ordinary-sized 
room,  closing  it  tightly  for  24  hours,  then  sweeping  up  the  remaining 
crystals  and  adding  enough  more  to  treat  the  next  room.  After  such 
treatment  the  floors  should  be  thoroughly  scrubbed  with  hot  soapsuds 
to  kill  the  eggs,  or  with  an  oil  mop  wet  in  kerosene.  Especial  attention 
must  be  given  to  places  where  pets  sleep.  It  should  be  realized  that 
cats  and  dogs  cannot  be  allowed  regular  access  to  the  house  without 
starting  an  infestation  of  fleas  sooner  or  later,  unless  they  are  treated  at 
regular  intervals  to  a  bath  of  creolin  or  one  of  the  flea  soaps.  Where 
fleas  have  become  established  about  barns,  hog  lots,  and  outbuildings, 
the  infestation  may  be  cleaned  up  by  removing  the  manure  and  litter 
and  spreading  it  in  the  fields  at  some  distance  from  buildings  and  covering 
the  ground  in  and  around  the  infested  buildings  with  a  layer  of  salt,  or 
spraying  thoroughly  with  creosote  oil,  or  applying  calcium  cyanide  dusts. 

Inferences— U.  S.  Dept.  Agr.  Dept.  Bull.  248,  1915;  U.S.  Dept.  Agr.  Farmers1  Bull. 
897,  1917. 

Chigoe  Fli 

Importance  "ml  rI'i//x  of  Injury. — In  the  southern  pari  <>f  the   United  States,  the 
West   Indies,  and  other  tropical  regions,  a  small  reddish-brown  Sea,  aboul   '_>.-,  inch 
1  DermatopkUtu  penetrans  Linnc,  Order  Siphonaptera,  Family  Sarcopsyllidse. 
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long,  has  the  despicable  lial.it  of  burrowing  into  the  skin,  especially  between  the  I 
ami  under  the  toenails.     It  causes  much  pain  and  itching,  and  as  the  female  enlai 

beneath  the  skin  a  pus-filled  ulcer  is  formed.  The  sore  is  very  likely  to  become 
infected  with  bacteria,  and  the  entire  toe,  foot,  or  limb  may  !><•  lost  by  blood  poisoning. 
This  insect  must  not  he  confused  wit  h  t  he  chigger  mites,  since  both  arc  culled  chiggers. 

Animals  Attacked — Man,  hogs,  and  other  domestic  animals. 

Life  Cycle,  Appearance,  and  Habits. — Chigoes,  like  other  ileas,  develop  in  the  -oil 
or  in  filth,  through  a  slender  larval  stage  and  a  pupal  period  spent  in  a  cocoon .  When 
they  become  adult  they  attach  to  warm-blooded  animals  and  suck  blood.  After 
mating,  the  female  works  her  way  into  the  skin,  and  her  body  becomes  enormously 
enlarged,  as  her  eggs  develop,  until  she  may  be  as  large  as  a  small  pea.  The  eggs  are 
generally  extruded  through  the  entrance  hole  and  drop  to  the  ground,  where  they 
develop  to  adults  in  about  1  month. 

('antral  Measures.- — Infested  sores  should  be  opened  with  sterile  instruments, 
the  fleas  removed,  and  \\\v  wound  given  an  antiseptic  dressing.  Shoes  or  boots  should 
always  be  worn  in  the  infested  territory. 

Spotted-feveh  Tick1  and  Other  Ticks 

Importance  and  Type  of  Injury.— Several  kinds  of  eight-legged  ticks 
attach  to  the  skin  of  man  and  draw  blood  for  days  at  a  time.  The  dog 
tick,2  the  lone-star  tick,3  the  castor-bean  tick4  and  others  are  commonly 
found  attached  securely  to  the  skin  of  children,  hunters,  and  other  persons 
who  are  much  out-of-doors,  especially  in  wooded  places.  The  bites  are 
not  felt  at  the  time  the  tick  attaches,  but  cause  more  or  less  inflammation 
later.  If  the  tick  is  forcibly  removed,  its  mouth  parts  usually  remain  in 
the  skin  and  cause  an  ulcer  that  is  in  danger  of  bacterial  infection  and 
serious  complications.  Another  somewhat  mysterious  injury  caused  by 
ticks  is  a  paralysis  of  the  motor  nerves  affecting  first  the  legs,  and  a  few 
days  later  the  arms,  and  gradually  spreading,  if  not  checked,  until  death 
may  result.  This  disease,  which  is  known  as  tick  paralysis,  results 
apparently  only  when  the  tick  attaches  at  the  back  of  the  neck  or  base 
of  the  skull  and  does  not  begin  until  the  tick  has  been  feeding  for  about  a 
week.  The  careful  removal  of  the  tick  usually  results  in  a  speedy 
recovery.  It  is  believed  to  be  due  to  a  poisonous  substance  introduced 
by  the  mouth  parts  of  the  tick. 

The  most  serious  injury  to  man  by  ticks  is  their  known  transmission 
of  Rocky  Mountain  spotted  fever.  This  is  a  highly  fatal,  continuous 
fever  that  begins  a  few  days  to  a  week  after  the  attachment  of  an  infected 
tick  to  the  skin  and  often  results  in  death  within  2  weeks.  Grayish  or 
brownish  spots  usually  appear  on  the  arms,  legs,  and  other  parts  of  the 
body  a  few  days  after  the  fever  begins.  It  is  an  interesting  fact  that 
while  the  fatality  in  the  Bitter  Root  Valley  of  Montana  runs  about  70 

1  Dermacentor  venustus  Banks  =  Dermacentor  andersoni  Stiles,  Order  Acarina, 
family  IxodidfiB. 

2  Dermacentor  elect  us  Koch. 

1  mblyomma  amcricanum  (Linne). 
4  Ixodes  ricinus  (Linne). 
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per  cent,  in  the  states  to  the  south  and  west  of  Montana  the  mortality  is 

less  i  han  1  ">  per  cenl .  The  cause  of  i  his  disease,  like  i  hal  of  yellow  fever, 
successfully  eluded  man's  most  scrutinizing  search  for  a  number  of  years 
It  has  probably  been  found  by  Wolbach,  who  gave  if  the  name  Derma- 
centroxenus  rickettsi,1  the  latter  part  of  the  name  a  tribute  to  Dr.  Howard 
T.  RickettS,  who,  with  several  other  invest  [gators,  -sacrificed  his  life;  in 
advancing  our  knowledge  of  this  disease. 

Animals  Attacked. — Spotted  fever  affects  man  and  many  kinds  of 
rodents.  Tick  paralysis  has  been  noted  only  in  man  and  sheep,  all  hough 
it  has  been  produced  experimentally  also  in  dogs,  rabbits,  and  guinea  pi^s. 
The  spotted-fever  tick  feeds  in  its  nymphal  stages  upon  small  wild  ani- 
mals, mostly  rodents,  such  as  ground  squirrels,  wood  chucks,  rabbits, 
rats,  and  mice,  and  when  adult  upon  large  animals  such  as  men,  dogs, 
horses,  cows,  mules,  sheep,  deer,  mountain  goats,  and  many  others. 

Distribution. — Some  ticks  are  to  be  found  in  every  section  of  the 
country.  The  spotted-fever  tick  occurs  in  the  eight  or  nine  states  center- 
ing around  southern  Idaho,  and  the  disease  has  occurred  in  all  of  these 
western  states,  except  Arizona  and  New  Mexico.  Tick  paralysis  is 
reported  from  Montana,  Oregon,  and  British  Columbia. 

Life  History,  Appearance,  and  Habits. — The  life  cycles  of  the  several 
species  that  attach  to  man  are  in  a  general  way  similar.  The  seasonal 
cycles  are  very  complicated  and  we  shall  indicate  only  the  more  important 
features  for  the  spotted-fever  tick. 

There  are  four  life  stages:  the  egg,  two  nymphal  instars  (the  first  also 
called  the  larva,  or  seed  tick),  and  the  adult.  The  last  three  of  these  feed 
on  the  bodies  of  animals.  Only  the  adults  feed  on  man.  The  nymphs 
feed  on  small  wild  animals,  especially  rodents.  Each  stage  remains 
attached  to  one  spot  on  its  host  for  from  1  to  2  weeks,  then  drops  off  and 
undergoes  a  period  of  resting,  digesting,  and  molting  on  the  ground,  that 
may  occupy  a  week  or  two  or  may  extend  over  the  entire  winter.  Each 
individual  tick  during  its  lifetime,  therefore,  requires  three  hosts,  which 
are  probably  always  different  individuals  and  commonly  three  different 
species  of  animals. 

The  winter  is  passed  as  unfed  males  and  females,  and  also  as  nymphs, 
either  fed  or  unfed,  among  the  grass  and  leaves.  The  adults  (Fig.  ooo) 
feed  only  during  the  spring  months,  from  about  the  middle  of  March  to 
the  middle  of  July;  and  this  is  the  period  when  man  contracts  spotted 
fever.  They  climb  up  on  brush  and  attach  to  any  passing  object.  If 
this  is  a  man,  horse,  cow,  or  other  acceptable  host  they  insert  t  heir  mouth 
parts  and  draw  blood  for  the  next  week  or  two.  During  this  time  the 
males  visit  the  females,  mating  occurs  and,  when  fully  engorged,  the 
female  drops  off  of  its  host.  During  the  next  month  she  normally 
deposits  about  4,000  small  brown  eggs,  all  in  one  mass  under  stones  and 

1  Wolbach,  S.  B.,  Jour.  Med.  /.'<-.,  Vol.  41,  No.  1.  pp.  1    1<>7.  L919. 
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other  trash  on  the  ground.  The  eggs  hatch  in  from  2  weeks  bo  nearly  2 
months.     The  first  Btage  nymphs  (larvae)  have  only  six  Legs  and  are 

smaller  than  pmheads.  They  climb  up  on  grass  or  other  objects,  and  the 
fortunate  few  that  are  brushed  off  by  some  small  wild  animal  may  BUCk 
its  blood  during  the  first  instar,  then  (hop  off  the  host  and  molt,  find  a 
new  host,  \'cvd  as  setumd-stage  nymphs,  drop  off,  molt  a  second  time,  and 
winter  either  as  adults  or  as  second-stage  nymphs  and  either  before  or 
after  engorging.     Others,  from  late-laid  eggs,  do  not  develop  beyond  the 


Fig.  55G. — The  spot  tod   fever  tick,    Dcrmaccntor  vcnustus  Banks.      Adult  unengorged 
female,  above;  adult   male,  below.      About  five  times  natural  size.      (From  U.  S.  D.  A.  Bur. 

of  h:„t.  Hull.  io5.) 

first  stage  nymphs,  which  mostly  perish  when  cold  weather  comes,  but  may 
survive  the  winter.  Those  which  winter  as  first-  or  second-stage  nymphs 
may  become  adult  the  following  summer,  but,  according  to  Bishopp  and 
King,1  these  adults  must  pass  another  winter  before  they  lay  eggs. 

The  stages  thus  become  very  much  mixed  up,  and  eggs,  small  and 
large  nymphs  and  adults  can  be  found  any  time  during  the  summer  and 
the  last  two  stages  any  time  during  the  winter. 

Two,  three,  or  four  years  may  be  occupied  in  completing  a  generation, 
two  years  being  the  most  common  duration.     The  nymphs  of  the  spotted- 

i  Bishopp,  F.  C.  and  W.  V.  King,  Jour.  Econ.  Entomol.  Vol.  6,  No.  2,  1913. 
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fever  tick  are  bluish-gray  in  color,  the  second  stage  easily  distinguished 
from  t  he  first  by  its  Larger  size  |  \  , ,-,  bo  !  «■,  inch  Long)  and  its  additional  pair 
of  legs.  The  adults  of  the  two  sexes  are  different  in  appearance.  The 
females  are  reddish  brown,  with  a  white  shield  covering  the  anterior  half 
of  the  body.  In  the  males  the  shield  covers  the  entire  back  and  has  a 
pattern  of  white  and  brown  Ed  ripes  and  dashes.  Before  feeding,  the  maleg 
and  females  are  about  \  \ r,  inch  Long,  but  when  fully  engorged  and  ready 
to  lay  eggs  the  female  is  much  Larger,  3^  inch  long  by  J^j  inch  wide. 

Control  M insures. — When  ticks  are  discovered  on  the  human  body, 
they  should  not  be  pulled  off.  A  few  drops  of  gasoline,  turpentine,  or 
creoline  should  be  applied  to  them,  which  will  cause  them  to  release  in  a 
few  minutes.  The  spot  should  then  be  disinfected  with  tincture  of  iodine, 
lysol,  or  weak  carbolic  acid. 

The  very  complicated  life  cycle  of  the  spotted-fever  tick  and  the  wild 
nature  of  much  of  the  infested  territory  make  control  extremely  difficult. 
The  control  of  spotted  fever  is  being  carried  out  by  dipping  horses,  cattle, 
sheep,  and  dogs  during  the  spring  months  as  described  for  the  Texas-fever 
tick  (see  p.  791);  by  restricting  grazing  of  domestic  animals  to  starve  out 
the  adults;  by  repellent  oils  applied  to  grazing  animals  to  keep  off  the 
ticks;  and  by  poisoning  and  otherwise  destroying  the  small  rodents  which 
serve  as  hosts  for  the  nymphs,  thus  starving  the  latter. 

References.  —  U.  S.  Dept.  Agr.  Bur.  Ento.  Bull.  105,  1911;  Mon.  State  Bd.  Entomol. 
Fourth  and  Fifth  Biennial  Repts.,  1919-1923. 

Mites 

A  number  of  species  of  mites  are  troublesome  to  man,  among  them 
being  the  chigger  or  jigger  (not  to  be  confused  with  the  chigoe  flea,  see 
p.  841),  harvest  mites,  louse-like  mites,  and  flour  and  meal  mites.  Mite- 
are  close  relatives  of  ticks  and  spiders,  and  are  not  true  insects.  They 
represent  distinct  families  of  the  class  Arachnida  and  order  Acarina,  the 
larger  ones  of  which  are  called  ticks  and  the  smaller  ones  mites 

Chiggers,  Jiggers,  or  Red  Bugs1 

Importance  and  Type  of  Injury. — From  12  to  24  hours  after  one  has 
been  on  an  outing  in  summer  or  autumn,  particularly  to  spots  where  tall 
grass,  weeds,  and  brambles  abound,  the  skin  may  become  inflamed  in 
spots,  especially  where  the  clothing  closely  pressed  the  skin.  Scattered 
red  blotches  of  varied  size  appear,  accompanied  by  a  most  intense  itching 
that  may  not  subside  for  a  week  or  more.  Some  persons  become  feverish, 
extremely  nervous,  and  seriously  disturbed  by  such  infestations. 

Animals  Attacked. — Man,  domestic  animals,  poultry,  certain  ground- 
nesting  birds,  various  snakes,  land  turtles,  rabbits,  and  possibly  other 
rodents. 

1  Trombicida  spp.,  Order  Acarina,  Family  Trombidiidse. 
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Distributioti.~rVhv  distribution  of  chiggers  is  not  uniform,  and  is 
somewhat  peculiar.  Some  local  areas  are  badly  infested,  while  others 
apparently  similar  and  not  far  distant  are  practically  free.  Ewing  states 
that  one  species  occurs  in  the  northern  and  western  states  and  another  in 
the  Atlantic  States  and  in  Iowa. 

Life  History,  Appearance,  and  Habits. — 'The  causes  of  this  trouble  are 
small  nymphal  mites,  less  than  \  [50  inch  in  diameter  and  hence  almost, 
invisible  to  the  naked  eve.  According  to  Miller1  at  least. 
oik4  species  of  chigger,2  spends  the  winter  in  earthen  cells 
1  _>  to  1  inch  below  ground  in  the  adult  stage.  The 
following  spring  they  come  out  of  the  ground  and  lay 
their  eggs.  The  young,  six-legged  mites  that  hatch  from 
the  eggs  normally  live  on  land  turtles  or  on  snakes, 
under  the  overlapping  scales  of  the  back,  according  to 
Miller  (lor.  cit.),  or  on  rabbits,  according  to  Ewing,3  and  it 
is  only  these  first-stage  nymphs  that  at  tack  man.  These 
are  rounded,  oval,  bright  orange-yellow  in  color,  and  run 
very  rapidly.  AVhen  one  walks  through  grass  and 
underbrush,  these  young  chiggers  may  swarm  over  the 
body  for  several  hours  but  are  not  felt  until  they  settle 
>^0  down  and  begin  to  feed  (Fig.  557).  They  undoubtedly 
introduce  a  definite  poison  that  causes  the  irritation.  It 
has  often  been  stated  that  chiggers  burrow  into  the  skin 
and  suffer  a  speedy  death  as  a  penalty  for  trespassing 
upon  man;  but  we  are  apparently  to  be  deprived  of  this 
consolation,  for  Ewing8  contends  that  they  do  not  bur- 
row beneath  the  skin  but  only  insert  the  mouth  parts, 
sometimes  in  a  skin  pore  or  hair  follicle.  When  full-fed 
they  drop  off  of  man.  According  to  Miller,  the  full-fed, 
first-stage  nymphs  fall  from  their  hosts  in  late  September  in  southern 
Ohio  and  go  into  the  loose  soil  to  pass  the  winter.  After  molting  and 
spending  2  or  3  weeks  as  quiescent  nymphs,  they  molt  to  the  adult  stage 
but  remain  in  their  earthen  cells  until  spring.  There  is  only  one  genera- 
tion a  year.  Ewing  states  that  about  10  months  are  spent  in  the  adult 
stage.  The  adults  do  not  attack  man,  but  are  predaceous  on  minute 
insects  and  other  arthropods. 

Control  Measures. — If  one  anticipates  a  visit  to  the  domains  of  these 
little  tormentors,  trouble  may  be  prevented  by  dusting  flowers  of  sulfur 
liberally  and  uniformly  into  the  clothing.  If  this  has  not  been  done,  or 
even  if  it  has,  a  soapy  bath  within  a  few  hours  of  the  exposure,  allowing 
the  soap  to  dry  on  the  skin,  will  usually  prevent  infection.     After  itching 

1  Miller,  A.  E.,  Science,  Vol.  61,  No.  1578,  pp.  345-346,  Mar.  27,  1925. 

8  Trombicula  ilalzahuatl  Murray. 

3  Ewing,  H.  E.,  Science  supplement  2,  Vol.  59,  p.  xiv,  1924. 


Fk;.  5  5  7.— 
Chigger  engorg- 
ing,  or  feeding,  at 
t  he  l>ast>  of  a  hair. 
(From  III.  A  g  r  . 
Exp.  Sta.  Circ. 
257,  after  Ewing.) 
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begins,  Little  ran  be  done  except  i<>  avoid  infecting  the  Kites  by  scratching. 

Sonic  relief  may  be  had  by  applying  cooling  ointments,  such  as  salicylic 
acid  in  alcohol  with  a  Little  Olive  Oil.      Premises  infested  wit  1 1  these  mites 

may  be  freed  by  cutting  oul  the  underbrush,  especially  berry  brambles, 
by  keeping  grass  closely  trimmed,  by  pasturing  with  sheep,  and  by  dusting 

With  BUlfur  at  the  rate  of  50  pounds  to  the  acre.      Infested  lawns  have  been 

cleaned  of  chiggers  by  dragging  over  them  a  piece  of  canvass  or  sacking 
wrung  out  of  kerosene.  The  oil-soaked  canvass  should  not  be  allowed  to 
drip  or  remain  Long  in  one  place,  or  the  grass  may  be  killed. 

Reference.— U.  S.  Dept.  Agr.  Dept.  Bull.  986,  1921. 


Fio.  558. — Eruptions  caused  by  bites  of  the  harvest  mite,  Pediculoides  veniricosus  (New- 
port.)     (From  U.  S.  D.  A.  Bur.  Entom.  Circ.  118.) 

Louse-like  Mites  or  Harvest  Mites1 

Importance  and  Type  of  Injury. — Workmen  while  threshing  wheat  and 
other  small  grains,  and  occasionally  people  that  sleep  on  straw-filled 
mattresses,  may  be  overrun  with  microscopic  mites  that  produce  symp- 
toms much  like  chiggers  and  are  often  called  by  that  name.  Within  a 
day  after  exposure  a  hive-like  eruption  appears  over  much  of  the  body 
(Fig.  558).  These  spots  itch  intolerably  for  several  days  to  a  week,  and 
vomiting,  headache,  and  fever  may  occur. 

Aid iimls  Attacked. — Man  and  insects  only,  so  far  as  known. 

Distribution. — This  mite  has  been  most  troublesome  in  the  central, 
grain-growing  stales. 

1  Pediculoi< I <•</■<  ah  Newport),  Order  Acarina,  Family  Pediculoidicfae. 
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Life  History,  A  ppearance,  and  Habits.- — This  mite  is  usually  predaceoua 
on  other  insects,  among  which  are  the  wheal  joint  worm  and  the  Angou- 
mois  grain  moth.  Like  the  chiggers,  they  arc  practically  microscopic, 
except    that  the  female  after  mating  becomes  greatly  enlarged  with 

developing  young  so  that  her  body,  originally  about  Jf25  incn  1()I1£>  tn('n 
measures  nearly  }{q  inch.  The  young  mites  hatch  from  the  eggs,  and 
I  he  nymphs  develop  to  the  adult  condition  within  the  abdomen  of  the 
female.  They  are  then  born  ovoviviparously;  they  mate  soon  after 
birth,  and  within  a  week  may  have  matured  a  second  generation  in  the 
same  manner.  Each  female  may  produce  as  many  as  200  or  300  adult 
mites.  The  predaceous  activities  of  the  mites  and  their  attacks  on  man, 
unlike  that  of  chiggers,  are  therefore  confined  to  the  adult  stage. 

Control  Measures. — The  free  use  of  sulfur  dust  among  the  clothing  or 
the  application  of  a  greasy  ointment  to  the  body  before  working  among 
infested  straw,  stubble,  or  seeds,  followed  by  a  soapy  bath  and  change  of 
clothes  promptly  afterward,  should  prevent  any  unpleasant  results. 
Infested  mattresses  and  other  material  may  be  cleaned  by  fumigation,  by 
heating  to  at  least  130°  F.  for  several  hours,  or  by  steaming.  After  the 
irritation  has  begun,  slight  relief  may  be  secured  from  the  application  of 
cooling  ointments. 

Reference. — U.  S.  Dept.  Agr.  Bur.  Entomol.  Circ.  118,  1910. 

Flour  and  Meal  Mites1 

Trouble  similar  to  that  from  chiggers  and  louse-mites  is  sometimes  experienced  by 
persons  who  work  with  flour,  meal,  sugar,  dried  fruits,  cheese,  hams,  and  the  like,  and 
is  called  ''grocer's  itch."  This  is  caused  by  small  mites  (Fig.  507)  that  normally  feed 
on  these  stored  products  (see  p.  752),  crawling  upon  the  body  and  inserting  their 
mouth  parts. 

They  develop  very  rapidly  under  favorable  conditions,  and  have  a  remarkable  rest- 
ing stage  known  as  a  hypopus  that  sometimes  intervenes  between  nymphs  and  adults. 
In  this  stage  the  mouth  parts  are  wanting,  and  there  is  a  minute  sucker  on  the  under 
side  of  the  body  with  which  they  attach  to  the  bodies  of  such  insects  as  occur  in  their 
feeding  places,  and  probably  to  mice,  and  may  thus  be  transported  considerable 
distances  and  start  a  new  infestation. 

Control  Measures. — When  workmen  are  suffering  from  grocer's  itch,  the  source  of 
the  mites  should  be  found  and  the  infested  material  or  storeroom  freed  of  them  by 
fumigation,  (see  pp.  254  and  752)  or  by  superheating  (see  p.  263). 

Itch  Mite2 

Importance  and  Type  of  Injury. — The  human  itch  mite  (Fig.  525)  is  the 

same  creature  which,  in  horses  and  dogs,  causes  mange.     There  are  several 

strains  or  varieties,  each  somewhat  adapted  to  its  particular  host.     The 

itch  mite  differs  from  the  mites  just  discussed  in  spending  its  entire  life 

cycle  on  the  host.     The  eggs  are  laid  in  tunnels  made  by  the  burrowing 

1  Order  Acarina,  Family  Tyrogliphida\ 

8  Sarcoptea  scobiei  hominia  (Hering),  Order  Acarina,  Family  Sarcoptidae. 


INSECTS  that  attack  AND  ANNOY   max  849 

females  beneath  fche  skin  (Fig.  0).  Because  of  their  internal  position  and 
very  small  size,  the  cause  of  itch  was  for  centuries  unknown,  the  trouble 
was  attributed  to  improper  living,  immorality  or  "bad  blood."     Since  no 

proper  treatment  was  known,  the  mites  multiplied  for  generations  and 
years,  on  the  body  of  their  victim,  thus  giving  rise  to  the  expression 
"seven-year  itch." 

The  newly  mated  females  dig  into  the  skin,  making  tunnels  about  }/f)() 
inch  in  diameter  and  up  to  1  inch  in  length.  This  burrowing,  and  more 
especially  the  feeding  of  the  mites,  cause  the  extreme  itching  that  is  the 
chief  symptom  of  the  disease.  The  tunnels  are  parallel  with  the  surface 
of  the  skin  and  not  very  deep.  They  can  often  be  seen  as  delicate  gray 
thread  lines  beneath  the  skin,  between  the  fingers  and  toes,  behind  the 
knee,  on  the  external  genitalia  and,  in  prolonged  cases,  over  most  of  the 
body  except  the  head.  Hard  pimples  about  the  size  of  pinheads  contain- 
ing a  yellow  fluid  form  over  the  affected  skin,  and  as  these  are  scratched 
usually  become  infected  and  cause  large  ugly  sores  and  scabs.  The 
nervous  strain  and  the  venom  introduced  by  the  feeding  of  the  mites  may 
greatly  depress  the  individual  and  disturb  the  health. 

Animals  Attacked. — Man,  dogs,  rabbits  and  ferrets.  Varieties  of  the 
same  species  cause  mange  of  many  other  animals. 

The  life  cycle  and  habits  of  the  mites  are  given  under  mange  mite  of 
the  horse  (page  775). 

Control  Measures. — Since  the  mites  crawl  about  over  the  body  chiefly 
at  night,  infection  usually  occurs  by  occupying  the  same  bed  with  one  who 
has  the  itch.  The  use  of  the  same  towels  or  clothing  with  a  victim  may 
also  spread  the  disease.  Infected  individuals  should  be  isolated  from  the 
rest  of  the  household  as  much  as  possible.  Treatment  consists  in  (1) 
thoroughly  massaging  the  skin  over  the  entire  body  except  the  head,  with 
green  soap  and  hot  water,  keeping  this  up  for  about  1  hour  in  order  to 
soften  the  scabs  and  open  the  burrows  of  the  mites;  (2)  the  application, 
with  prolonged  rubbing  in,  of  balsam  of  Peru,  sulfur  ointment,  or,  as 
recommended  by  Chandler,1  a  mixture  of  "beta-naphthol  75  grains,  olive 
oil  2x/i  fluid  grams,  sulfur  1  ounce,  lanolin  1  ounce,  and  green  soap  1 
ounce;"  (3)  the  sterilizing  of  the  underwear,  bed-clothing  and  towels  used 
by  a  patient;  (4)  the  repetition  of  the  treatment  in  from  3  to  10  days,  to 
destroy  mites  hatching  from  unkilled  eggs. 

Human   Body  Louse2  and  Head  Louse3 

Importance  and  Type  of  Injury. — Human  lice,  like  the  bedbug,  are 
fortunately  nothing  but  a  loathsome  thought  to  the  vast  majority  of 
cleanly  people.     But  to  thousands  of  the  world's  less  happily  situate.  1 

1  "Animal  Parasites  and  Human  his, use,"  John  Wiley  &  Son-.  l(.)18. 

1  PediciUua  Autnantu  corporis  DeGeer,  Order  Anoplura,  Family  Pediculicte. 

tPedicuhu  humanua  capitis  DeGeer,  Order  Anoplura,  Family  Pediculidae. 
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souls  they  ate  inseparable  companions.     In  time  of  wrar,  troops  have 

always  Buffered  unspeakably  from  these  pests.  During  the  Civil  War 
they  were  known  as  "greybacks"  but  during  the  recent  World  War  they 
became  notorious  under  the  name  of  "cooties."  In  times  of  peace,  lice 
arc  largely  confined  to  jails,  prisons,  laborer's  camps,  slums  of  cities,  or 
other  places  where  unsanitary  living  prevails.  In  the  great  melting  pot 
of  our  public  schools,  liee  may  easily  gain  access  to  any  child  and  so  be 
introduced  to  any  household.  It  is  as  well,  therefore,  to  swallow  our 
loathing,  and  learn  enough  about  these  parasites  to  enable  us  to  help  some 
unfortunate,  if  occasion  arises,  and  to  protect  ourselves  or  our  homes  if 
chance  or  the  stress  of  war  should  subject  us  to  so  unpleasant  an 
experience. 

All  of  the  lice  found  on  the  body  of  man  are  of  the  blood-sucking  kind,1 
no  chewing  lice2  of  man  ever  having  been  discovered.  The  bites  of  these 
lice,  although  scarcely  felt  at  the  time,  are  as  irritating  as  those  of  fleas 
and  bedbugs.  Their  crawling  on  the  skin  is  also  very  annoying.  Scratch- 
ing is  almost  inevitable,  and  the  skin  becomes  scarred,  thickened,  and 
bronze  colored  with  brownish  spots.  A  generally  tired,  "grippy"  feeling, 
fever,  and  an  irritable  and  pessimistic  state  of  mind  are  attributed  to 
the  feeding  of  lice.  The  most  serious  injury,  however,  is  the  proved 
connection  of  the  body  louse  with  several  human  diseases,  such  as  typhus 
fever,  trench  fever,  and  relapsing  fevers.  The  most  serious  of  these,  and 
the  only  one  so  far  occurring  in  America,  is  typhus  fever.  Typhus  fever 
(not  to  be  confused  with  typhoid)  is  a  continuous  fever  accompanied  by  a 
spotted  skin  eruption  that  makes  the  disease  seem  very  much  like  spotted 
fever.  The  mortality  is  ordinarily  from  15  to  30  per  cent,  but  under  war 
conditions  more  often  50  to  70  per  cent.  There  have  been  outbreaks  in 
New  York  and  Philadelphia,  but  the  United  States  has  never  experienced 
a  devastating  epidemic  of  this  disease  such  as  occurred  in  Russia,  1905  to 
1911,  with  50,000  deaths;  or  in  Serbia  during  1915,  when  there 
were  as  high  as  9,000  deaths  a  day  and  a  total  of  150,000  in  that  small 
country.  The  disease  occurs  every  year  in  the  higher  and  cooler  parts  of 
Mexico,  and  is  in  general  a  disease  of  cool  climates  and  of  winter  weather,  j 
Typhus  never  occurs  in  the  absence  of  lice,  and  may  be  acquired  either  by 
the  bites  of  diseased  lice  or  by  crushing  them  upon  the  skin  near  the  punc- 
tures they  make  or  by  scratching  with  finger  nails  infected  with  the  body 
fluids  of  lice. 

Animals  Attacked. — This  species  lives  only  on  the  various  races  of  men, 
except  that  it  occasionally  occurs  on  monkeys  or  apes  in  confinement. 

Distribution. — Lice  occur  in  all  countries  and  upon  all  races  of  people. 
The  body  louse  is  less  abundant  in  the  tropics;  probably  due,  as  Nuttall 


1  Order  Anoplura. 

2  Order  Mallophaga. 


fNSECTS  THAT  ATTACK     iND  ANNOY    ui\  s.M 

suggests,  to  I  In-  lesser  amount  of  dol  hing  worn  as  well  as  to  tempera  I  ures 
too  high  for  t  hem. 

Life  History,  Appearance,  and  Habits.     Head  lice  and  body  lice  are 

almost  Indistinguishable  In  appearance,  bul  their  ha  hi  is  are  very  distinct . 

They   have  usually  been  considered   two  different    species;   hut    since 

Bacot,1  has  shown  that  they  produce  fertile  offspring  when  crossed,  and 

Nut t all,"  has  shown  that  there  are  no  constant  morphological  differences, 
and  Keilin  and  Nut  tall,3  have  shown  that  the  head  lice  lose  all  their 
usual  differences  when  reared  for  a  few  generations  under  conditions 
that  the  body  louse  normally  experiences,  we  must  consider  that  they 
are  only  races  or  varieties  of  one  species. 


In,.  559.  Human  body  louso,  Pediculus  humanus  Linne.  Under  side,  twenty  times 
natural  size.  {From  Herrick's  ''Insects  Injurious  to  the  Household,"  copyright,  1914,  by  the 
M acmittan  Company.     Reprinted  by  permission.) 

Human  lice  (Fig.  559)  are  grayish,  flattened,  wingless,  six-legged 
insects,  K2  to  }4  incn  l°ng  by  about  one-third  as  wide,  with  short,  five- 
segmented  antennae,  simple  eyes,  rather  heavy  legs  that  terminate  in  a 
single,  sharp,  curved  claw  for  grasping  about  hairs,  and  piercing  mouth 
parts  that,  when  not  in  use,  disappear  completely  into  the  front  of  the 
head  (see  Fig.  68).  The  body  louse  is  typically  larger,  lighter  in  color, 
with  slightly  longer  antennae,  longer,  more  slender  legs,  and  the  constric- 
tions between  the  abdominal  segments  less  conspicuous  than  in  the  head 
louse.  In  spite  of  these  differences  it  is  usually  difficult  to  tell  from  an 
isolated  specimen  which  form  it  is.  Normally,  however,  the  habits  are 
very  distinct.     The  head  louse  lives  on  the  skin  end  among  the  hairs  <>/  (Ik 

1  Bacot,  A.,  Parasitology,  Vol.  9,  pp.  228-258,  L917. 

\>  hall,  G.  II.  I'..  Parasitology,  Vol.  11.  Nob.  'A,  -1.  pp.  329  346,  L919. 
3  Kkilin.  I),  ami  (;.  II.  P.  Nuttall,  Parasitology,  Vol.  11.  Nos.  3,  l.  pp.  279-328* 
1919. 
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headt  while  the  body  louse  lives  in  the  clothing,  only  going  on  to  the  skin 
to  teed,  and  even  then  retaining  its  hold  on  the  adjoining  part  of  the 
clothing. 

Both  of  these  species  occur  associated  with  man  the  year  around,  but 
become  most  prevalent  in  winter  or  at  any  time  when  their  victims  crowd 
together  in  warm,  poorly  ventilated  houses  which  furnish  conditions 
best  suited  for  the  increase  of  lice.  All  stages  may  be  found  at  any  season 
of  the  year.  The  head  louse  lays  its  eggs  chiefly  glued  to  the  hairs  of  the 
head,  back  of  the  ears,  and  at  the  back  of  the  neck.  The  body  louse  i 
remarkable  in  being  the  only  louse  that  lays  its  eggs  among  the  seams  of 
clothing,  to  the  fibers  of  which  they  adhere.  The  eggs  are  elongate  ova 
in  outline,  about  3^5  inch  long,  with  a  distinct  pebbled  lid  at  one  end  and 
whitish  in  color.  They  hatch  in  about  a  week  under  favorable  conditions, 
and  the  very  tiny,  slender  lice  at  once  begin  feeding.  They  continue  t 
feed  from  two  to  six  or  more  times  a  day  for  the  next  2,  3  or  4  weeks, 
growing  meantime  and  molting  three  times  before  they  become  adult. 
The  adults  live  for  about  1  month  more,  the  females  laying  an  average  of 
8  to  10  eggs  a  day  until  a  total  of  approximately  100  are  deposited  by  the 
head  louse  and  200  or  300  by  the  body  louse.  Under  conditions  where 
the  clothing  is  not,  or  cannot  be,  changed  for  long  periods,  the  number  of 
lice  on  one  person  may  sometimes  range  from  1,000  to  10,000. 

Control  Measures. — On  account  of  the  abundance  of  lice  in  Europe 
during  the  World  War,  and  their  announced  connection  with  the  spread 
of  typhus  and  trench  fevers,  the  most  extensive  investigations  were 
undertaken  and  hundreds  of  remedies  and  very  elaborate  plans  for 
delousing  troops  were  devised.  For  an  excellent  discussion  of  this 
subject,  the  reader  is  referred  to  the  article  by  Nuttall.1  In  peace  times 
most  persons  will  be  interested  chiefly  in  methods  of  avoiding  infestation 
by  these  revolting  creatures  and  possibly  in  helping  some  unfortunate 
child  or  wretched  tramp  to  get  rid  of  an  infestation. 

The  indiscriminate  use  of  public  combs,  brushes,  and  towels,  trying 
on  of  headwear,  sleeping  in  infested  rooms  or  sleeping  cars,  and  all  contact 
with  unclean  persons  should  be  avoided.  An  infested  head  should  be 
treated  with  equal  parts  of  kerosene  and  olive  oil  and  thoroughly 
shampooed  an  hour  or  two  later  with  hot  water  and  soap.  Another 
treatment  is  to  soak  the  hair  for  a  quarter  of  an  hour  with  a  solution  of 
12  grains  carbolic  acid  crystals  in  a  pint  of  water,  then  wrap  the  wet  hair 
in  a  cloth  for  an  hour  or  so  before  washing  out  the  solution  with  warm 
soapy  water.  Clipping  the  head  and  burning  the  hair  will  make  control 
easier.     A  second  treatment  will  not  usually  be  necessary. 

When  the  infestation  is  of  body  lice  especial  attention  must  be  given 
to  killing  the  lice  and  their  eggs  in  the  clothing.  This  may  be  accom- 
plished by  steam  sterilization  or  by  a  dry  heat  of  140  to  160°  F.  for  20 

1  Nuttall,  G.  H.  F.,  Parasitology,  Vol.  10,  No.  4,  pp.  411-588,  1918. 
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minutes,  or  by  fumigation  with  carbon  bisulfide  or  carbon  tetrachloride 

in  a  tight  box.  During  this  time  the  victim  should  take  a  thorough  bath 
in  hot  water  and  soap,  or  the  kerosene  and  olive  oil  mixture  may  be 
applied  .-ill  over  the  body.     Sleeping  quarters  of  infested  pet-sons  may  be 

disinfected  by  live  steam  or  by  fumigating  as  for  bedbugs.  Zinc  oxide 
ointment   is  BOOthing  to  the  skin. 

Referenda.— Parasitology,  Vol.  9,  pp.  228-258,  1917;  Vol.  10,  pp.  411-588,  L918; 
:iik1  Vol.  11,  pi).  279-340,  1919;  Research  Publication,  Univ.  Minn.  Vol.  8,  Xo.  4,  .July, 
L919. 

Pubic  Louse  or  Crab  Louse1 

Importance  and  Type  of  Injury. — Although  this  species  is  very  closely 
related  to  the  head  louse  and  body  louse,  it  presents  a  very  different 
appearance  (Fig.  560),  and  its  habits  are  quite  distinct.  It  is  almost 
entirely  limited  to  the  part  of  the  body  at  the  crotch  of  the  legs  and  to  the 
armpits,  but  rarely  occurs  among  the  eyelashes,  eyebrows,  and  beard. 
Nut  tall,2  shows  that  the  reach  of  the  two  extended  legs  of  the  louse 
corresponds  closely  to  the  distance  apart  of  the  coarse  hairs  in  these 
places  and  concludes  that  this  louse  so  seldom  infests  the  head  because 
the  hairs  there  are  finer  and  closely  crowded  together.  Severe  itching, 
especially  in  the  hairy  parts  of  the  pubic  region,  accompanied  by  inflamed 
spots,  is  caused  by  the  feeding  of  these  small  lice.  When  these  spots  are 
scratched,  a  more  or  less  severe  eczema  may  develop.  According  to 
Nuttall,3  faint  bluish-gray  spots  of  varying  size  characteristically  appear 
beneath  the  skin  where  these  lice  have  fed.  The  same  author  finds  that 
fever,  headaches,  and  other  disturbances  may  occasionally  result  from 
the  poison  introduced  by  the  feeding  of  the  lice.  This  louse  is  not  known 
to  transmit  any  disease. 

Animals  Attacked  and  Distribution. — Known  to  attack  only  the  white 
and  negro  races  of  men  and  probably  occurs  wherever  these  races  live. 
It  has  been  taken  from  dogs. 

Life  History,  Appearance,  and  Habits. — The  eggs  are  attached  to  the 

coarse  hairs  of  the  body  among  which  the  lice  feed.     Nuttall,1  thinks  that 

as  many  as  50  eggs  are  laid  by  one  female,  although  other  authors  record 

only  about  a  dozen.     The  same  author  finds  that  the  egg  stage  lasts 

about  a  week  and  the  nymphs  molt  three  times  and  are  mature  in  2  or  3 

weeks  after  hatching.     The  full-grown  louse  is  about  }{$  inch  long  by 

about  two-thirds  as  broad,  but  the  legs  sticking  out  at  the  sides  give  it  a 

still  broader  appearance.     It  is  grayish  white  in  color  with  darker  legs 

and  shoulders.     The  general  appearance  of  the  louse  is  that  of  a  minute 

gray  speck  which,  when  magnified,  suggests  a  miniature  crab.     The  legs 

1  Phthirius  pubis  (Linnr),  Order  Anoplura,  Family  Pediculidffi. 

NYttall,  (1.  II.   I".,  Parasitology,  Vol.  10,  Xo.  3,  pp.  383   405,  L918. 
•Nuttall,  G.  II.  F.,  Parasitology,  Vol.  10,  Xo.  3,  pp.  37.r,  382,  1918. 
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are  similar  to  those  of  the  body  louse  except  that  those  of  the  first  pair 
lack  the  "thumb"  against  which  the  curved  claw  closes  in  the  other  legs. 
The  margins  of  the  abdomen  have  short,  finger-like  projections,  the  ends 
of  which  are  provided  with  bristles. 

Control  Measures. — One  should  use  care  to  avoid  contamination  with 
this  pest  in  public  toilet  rooms,  baths,  and  unclean  rooming  houses,  and 
especially  by  close  association  with  infested  persons.  Mercurial  ointment 
is  usually  recommended.  Ilerms  advises  a  mixture  of  yellow  oxide  of 
mercury  10  parts,  salicylic  acid  1  part,  and  vaseline  89  parts,  or  the  appli- 
cation of  a  10  per  cent  solution  of  tincture  of  larkspur,  repeated  in  8 


Fig.  560. — Crab  louse,  Phlhirius  pubis  (Linne) ;  underside,  about  twenty  times  natural 
size.  (From  Hcrrick's  "Insects  Injurious  to  the  Household,"  Copyright,  1914,  by  the  Macmillan 
Company.     Rt  printed  by  permission.) 

days,  or  the  application  of  kerosene  and  vinegar  followed  by  a  bath  in 
warm  soapy  water. 

Reference. — Parasitology,  Vol.  10,  pp.  375-405,  1918. 

Internal  Insect  Parasites 

Importance  and  Type  of  Injury. — While  there  are  in  the  tropics  several  species  of 
maggots  that  live  in  the  tlesh  of  the  human  body,  such  as  the  Congo  floor  maggot,1  the 
tumhu  fly,2  and  the  human  hot  fly,3  myiasis  (as  the  presence  of  fly  maggots  in  the  body 
is  called)  is  really  exceptional  and  accidental  under  normal  conditions  in  temperate 
America. 

About  a  dozen  different  species  of  flies  have  been  recorded  as  occasionally  infesting 
the  human  body  in  their  larval  stages.  They  occur  in  wounds,  in  the  cavities  leading 
from  the  mouth  and  nose,  in  the  alimentary  tract,  and  very  rarely  in  the  urinogenital 
passages.  They  reach  these  positions  by  being  swallowed  with  water  or  food  con- 
taining the  eggs  or  young  maggots,  or  the  latter  are  deposited  in  wounds  or  body 
openings  by  the  adult  flies.  In  either  case  the  larvae  of  the  species  concerned  find 
conditions  such  within  the  body  that  they  can  live  for  a  long  time  and  often  until 

1  Auchmeromyia  luteola  Fabrieius,  Order  Dipt  era,  Family  Muscidae. 

2  Cordylobia  anthropophaga  Blanch.,  Order  Diptera,  Family  Muscidae. 

3  Dermatobia  cyaniventris  Mac  Q.,  Order  Diptera,  Family  CEstridae. 
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full-grown.  The  results  of  the  in  fed  ion  are  apt  to  be  very  pronounced, .-  ■  r  i  <  l  the  condi- 
tion 18  80  offensive  <  ha1  it  is  likely  to  assume  undue  importance  from  the  vivid  accounts 
of  the  sporadic  cases  in  medical  Literature. 

The  screw  w  orm  fly,  which  has  already  been  discussed  as  b  pesl  of  cat  I  le,  Bomel  imea 
attacks  men,  especially  through  the  nostrils,  with  dreadful  results.  A  flesh  fly  known 
as  WOhlfiifniid  vigil  has  been  taken  working  under  the  skin.  The  little  house  dv,1 
h:is  been  recorded  a  number  of  times  from  the  urinary  tracl  especially  of  women. 
The  largest  number  of  cases  is  recorded  from  the  intestines.     These  are  caused  by  the 

little  house  fly,  the  latrine  fly,'  the  pomace  fly,'  the  house  fly,  several   kinds  of  flesh 

flies  and  species  of  rat-tailed  maggots.4  The  usual  symptoms  are  nausea,  vomiting, 
severe  abdominal  pains,  a  bloody  diarrhoea,  and  sooner  or  later  t  he  passage  of  maggots 
with  the  excrement . 

Control  Measures. — Reasonable  care  about  eating  uncooked  meats,  vegetables, 

and  fruits,  or  using  poorly  cleaned  milk  bottles,  and  the  protection  of  the  mouth, 
nostrils,  and  other  body  openings,  especially  in  the  case  of  children  and  others  when 
they  :tre  afflicted  with  catarrh,  bad  breath,  or  otherwise  unclean,  is  important  in 
avoiding  the  attacks  of  these  flies.  The  presence  of  fly  larvae  in  any  part  of  the  body 
should  receive  the  immediate  attention  of  a  skilled  physician  to  avoid  serious  injury 
and  possibly  a  horrible  death. 

House  Fly5 

Since  the  discovery  of  the  importance  of  the  common  house  fly  (Fig. 
561)  as  a  carrier  of  various  diseases,  a  few  decades  ago,  several  entire 
books,  and  many  special  articles  have  been  written  about  it.  Only  the 
more  important  points  about  the  fly,  that  every  citizen  should  understand 
are  explained  in  the  following  account.  For  a  more  complete  exposition 
of  its  revolting  and  dangerous  habits  and  the  details  of  its  morphology, 
life  cycle,  and  control  the  reader  should  refer  to  some  of  the  special 
references. 

Importance  and  Type  of  Injury. — The  common  house  fly  is  the  most 
dangerous  animal  living  within  the  boundaries  of  many  of  our  states. 
This  in  spite  of  the  fact  that  it  cannot  bite  or  sting  or  otherwise  cause 
disease  of  itself  in  any  life  stage.  Its  importance  lies  in  the  fact  that  it  is 
the  carrier  of  millions  of  bacteria  and  protozoa  among  which  have  been 
found  the  germs  or  pathogens  of  the  following  human  diseases: 

Typhoid  fever  Whipworm 

Diarrhoea  Asiatic  cholera 

Amoebic  dysentery  Yaws 

Tuberculosis  ( Ophthalmia 

Anthrax  Erysipelas 

Leprosy  ( lonorrhoea 

Tapeworms  Septicaemia 

Hookworms  Abscesses 

Round  worm  ( langrene 

1  Fannin  co nicularis  Ta'nm',  Order  Diptera,  Family  Anthomyiidae. 
I'onnin  malaria  Fabricius,  Order  Diptera,  Family  Anthomyiidae. 
*  Drosophila  spp.,  Order  Diptera,  Family  Drosophilidae. 
3<  vera!  genera  of  Order  Diptera,  family  Syrphidae. 
V  <  ca  dorm  Hca    Linnd  .  Order  Diptera,  Family  Muscidae* 
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It  must  be  understood  thai  the  house  fly  is  not  the  sole  transmitter  of 

any  of  these  diseases  in  the  way  thai  mosquitoes  are  related  t<»  malaria 

or  lice  ti»  typhus.     Practically  all  authorities  are  agreed,  however,  that 
the  house  fly  is  an  important  factor  in  the  spread  of  di»  such  as 

typhoid  fever,  epidemic  or  summer  diarrhoea,  dysenteries,  and  other 
bacterial  infections  of  the  stomach  and  intestines.  There  is  also  strong 
evidence  that  the  fly  may  be  a  dangerous  carrier  of  tuberculosis,  anthrax, 
parasitic  worms,  and  many  other  diseases.  In  all  of  these  cases  t  he  germs 
of  the  diseases  are  picked  up  by  the  fly  from  human  excrement,  sputum, 
the  carcasses  of  diseased  animals,  manure,  and  other  filth,  which  the  fly 
visits;  or  are  taken  up  by  the  larva?  and  remain  in  a  living  condition  in 
its  body  during  the  pupal  stage  and  may  then  be  scattered  about  by 
t  he  deposits  from  the  body  of  the  adult  fly.  That  the  hairy  body  of  the 
house  fly  is  an  admirable  carrier  of  bacteria  is  attested  by  Esten  and 
Mason  (as  cited  by  Herms)  who  found  an  average  of  1,250,000  bacteria 
on  each  of  414  flies  examined,  the  maximum  on  a  single  fly  being  6,600,000. 
The  house  fly  carries  disease  germs  either  on  the  outside  of  the  body 
clinging  to  its  mouth  parts,  feet,  wings,  and  other  body  surfaces,  or  in 
its  alimentary  canal,  where  they  resist  digestion  and  may  remain  in  a 
living  condition  for  many  days.  If  carried  externally  they  may  be 
dropped  or  rubbed  off  or  washed  off  by  the  fly,  on  foods,  drinks,  wounds, 
or  the  eyes  or  lips  of  man.  If  carried  internally  they  are  deposited  either 
by  regurgitation  or  in  the  feces  ("fly  specks")  in  such  situations  that  they 
may  be  taken  into  the  mouth  or  upon  some  delicate  body  surface  like 
the  eye  or  a  sore,  and  start  disease. 

A  minor  but  not  unimportant  injury  from  the  house  fly  is  as  a  nuisance 
about  men  and  other  animals  where  rest  and  sleep  are  disturbed  by  its 
ubiquitous  buzzing  and  alighting  on  the  skin. 

Animals  Attacked. — Man  is  not  the  only  animal  injured  by  the  house 
fly.  Although  it  does  not  bite,  it  annoys  domestic  animals  by  alighting 
on  their  bodies,  and  may  even  serve  to  transmit  certain  diseases  by  sipping 
blood  from  wounds  made  by  other  insects. 

Distribution. — The  house  fly  is  practically  cosmopolitan  and  is  the 
commonest  fly  found  in  houses  throughout  most  of  the  world.  Explorers 
in  parts  of  the  earth  rarely  frequented  by  man  have  been  greatly  annoyed 
by  the  house  fly. 

Life  History,  Appearance,  and  Habits. — Entomologists  are  not  in 
agreement  as  to  how  the  house  fly  passes  the  winter.  There  is  some 
reason  to  believe  that  it  hibernates  as  an  adult,  but  there  is  more  evidence 
that  it  winters  as  larva  or  pupa,  or  both,  beneath  manure  piles  and  in 
other  breeding  grounds.  In  heated  buildings  and  in  warmer  parts  of  the 
earth  it  continues  to  breed  slowly  throughout  the  winter.  The  house 
fly  combines  a  large  family  with  one  of  the  shortest  life  cycles  known 
among  insects.     From  100  to  150  eggs  (Fig.  561,  c)  are  laid  at  a  time, 
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and  from  two  (<>  seven  such  batches  may  be  deposited  by  one  female,  bo 
thai  a  total  of  500  egga  from  one  fly  is  probably  a  normal  production. 
The  record  so  far  as  known  is  21  batches,  or  a  total  of  2,387  eggs,  from 
one  fly.     The  whole  life  cycle  from  egg  to  adult  may  be  completed  in 

from  (>  to  20  days  and  a  new  generation  stalled  in  from  2  to  20  days  more. 

The  length  of  the  various  stages  under  favorable  conditions  is  somewhat 

as  follows: 

A 'I nil.  to  Egga 
Egg  Larva  Pupa  (Prcori position  Period) 

8  to  30  hours  5  to  14  days  3  to  10  days  2\i  to  23  days 

Most  house  flies  come  from  horse  manure,  as  it  is  in  this  substance 
that  they  prefer  to  lay  their  whitish,  elongate  eggs,  25  of  which  end  to 


Fig.  561. — The  house  fly,  Musca  domestica  (Linn6) ;  a,  adult  female,  about  five  times 
natural  size;  />,  head  of  male;  c,  o^us,  about  six  times  natural  size;  d,  puparium,  about  four 
times  natural  size;  <,  larva  or  maggot,  about  seven  times  natural  size;  f,  last  segment 
of  larva  to  show  spiracles.      (From  III.  State  Nat.  His.  Sur.) 

end  reach  1  inch.  A  young  house  fly  (Fig.  561,  c)  is  not  a  miniature  of 
its  parents,  but  is  the  legless,  footless,  and  almost  headless,  white  maggot 
familiar  to  every  boy  who  has  cleaned  the  manure  from  stables.  Feeding 
on  this  material  or  on  the  micro-organisms  that  cause  it  to  ferment,  the 
maggot  reaches  full  growth  in  a  few  days,  and  then  forms  a  seed-like, 
chestnut-colored  puparium  (d)  of  its  third  larval  skin,  within  which  the 
change  to  adult  takes  place.  Before  forming  the  puparium.  the  larva 
migrates  to  some  drier  part  of  the  substance  on  which  it  fed.  Every 
house  fly  thus  passes  a  wingless  egg,  larval,  and  pupal  existence  in  some 
fermenting  material  before  it  can  appear  in  the  familiar  winged  condition. 
While  horse  manure  is  preferred,  they  can  develop  in  any  moist,  warm, 
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fermenting,  organic  matter  ranging  from  piles  of  grass,  decaying  fruits 
or  vegetables,  garbage,  and  waste  aboul  feed  troughs,  to  human  and 
animal  excrement  of  all  kinds.  While  it  was  estimated  a  tew  years  ago 
that  90  per  cent  of  our  flies  develop  in  horse  manure  under  average 
conditions,  we  may  be  sure  that  the  complete  extermination  <>f  the  horse 

would  not   remove  the  house-fly  pest  from  our  midst. 

Professor  C.  F.  Hodge,1  has  made  the  following  remarkable  statement 
about  the  possible  increase  of  house  flies  if  all  were  to  continue  to  repro- 
duce at   the  normal  rate: 

"A  pair  of  flics  beginning  operations  in  April  may  he  progenitors  if  all  were 
to  live,  of  191,010,000,000,000,000,000  flics  by  August.  Allowing  H  cuhic  inch 
to  a  fly,  this  number  would  cover  the  earth  47  feet  deep." 

Of  course  such  increase  never  occurs,  but  this  statement  serves  to  show 
why  flies  increase  so  rapidly  when  summer  comes. 

Since  the  fly  is  injurious  in  the  adult  stage  only,  the  question  "How 
long  does  a  fly  live?"  becomes  of  real  importance.  It  is  difficult  to  get 
adequate  information  on  this  point  because  under  normal  conditions  no 
one  fly  can  be  kept  under  observation  for  even  an  hour,  much  less  its 
whole  lifetime;  and  if  placed  in  confinement  we  do  not  know  that  the 
length  of  life  is  normal.  In  one  series  of  experiments,  the  average  adult 
life  of  3,000  flies  kept  in  cages  was  19  days.  Another  investigator  says 
that  30  days  seems  to  be  a  normal  lifetime.  One  fly  was  kept  alive  70 
days. 

The  thing  above  all  else  that  makes  the  house  fly  such  a  dangerous 
messmate  is  its  inordinate  curiosity,  which  leads  it  to  go  everywhere 
and  to  feed  on  almost  anything.  From  manure  piles,  sewage,  garbage, 
sputum,  and  carcasses  of  animals  to  food  of  all  kinds  in  dining  room, 
kitchen,  restaurant,  and  grocery  and  to  the  lips,  eyes,  and  nursing  bottles 
of  sleeping  children  is  "all  in  the  day's  work"  for  a  busy  house  fly.  If 
they  stayed  in  filthy  places  or  remained  all  of  the  time  in  our  houses,  the 
objection  to  them  would  not  be  so  great.  But  their  promiscuous  habits 
result  in  polluting  their  bodies  with  filth  and  shedding  it  in  their  path, 
wherever  they  go. 

It  is  interesting  to  note  that  the  house  fly's  mouth  parts  (Fig.  70)  are 
such  that  it  can  take  in  only  liquid  foods.  Any  solid  substances  on  which 
it  feeds  are  first  dissolved  in  its  own  saliva  and  the  solution  then  sponged 
up. 

The  point  as  to  how  far  a  house  fly  can  fly  becomes  an  important  one 
when  the  question  of  control  in  restricted  areas  arises.  In  one  experi- 
ment, 387,000  marked  flies  were  released  and  1,000  of  them  recovered  at 
distances  ranging  from  50  yards  to  2  miles  from  the  starting  point.  In 
general  it  seems  that  few  flies  will  range  farther  than  is  necessary  to 

1  Hodge,  C.  F.,  in  Nature  and  Culture,  July,  1911. 
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secure  food  .mikI  :i  place  to  lay  their  eggs.  When  abundanl  in  a  city,  il  is 
fairly  certain  thai  they  B»re  breeding  in  the  same  or  an  adjoining  block. 
'Their  roving  habits,  however,  point  to  the  necessity  in  general  of  com- 
munity act  ion  to  cdii!  rol  t  hem. 

Vastly  more  careful  study  of  (he  house  fly,  particularly  exacting 
bacteriological  studies  of  its  relation  to  a  host  of  diseases,  is  needed. 
Careful  observation  of  characteristic  habits  may  also  be  of  genuine  value. 
In  order  that  these  be  not  misleading,  it  is  essential  that  the  observer 
know  the  species  with  which  he  is  working.  It  must  not  be  assumed  that 
any  fly  caught  in  a  house  is  the  house  fly.  Only  a  checking  by  all  of  the 
characteristics  given  in  the  key  (p.  82(>)  will  determine  it  certainly. 

Control  Measures. — The  presence  of  house  flies  means  that  our  sanita- 
tion is  defective.  Failure  properly  to  dispose  of  manure,  garbage, 
sewage,  food  wastes,  human  excreta,  dead  animals,  and  other  organic 
waste  materials  is  the  only  thing  that  will  account  for  an  abundance  of 
these  insects.  Stables  built  with  concrete  floors,  properly  constructed 
to  prevent  liquid  manure  from  leaching  into  them  and  to  make  it  possible 
to  clean  them  thoroughly  by  washing  down  every  day  is  the  first  step  in 
control  under  farm  conditions.  Manure  removed  from  stables  should 
be  immediately  carted  away  and  scattered  thinly  over  fields.  Manure 
is  never  so  valuable  as  when  perfectly  fresh.  The  common  practice  of 
storing  manure  in  the  barnyard,  results  in  a  loss  of  from  25  to  65  per  cent 
of  its  fertilizing  value  in  6  months  time,  due  to  leaching  and  hot  fermenta- 
tion. But  more  important  is  the  fact  that  flies  cannot  breed  in  the 
thinly  scattered  material,  due  to  drying  out  and  absence  of  fermentation. 
A  half-ton  manure  pile,  after  being  exposed  for  only  4  days,  was  found  to 
contain  (estimated)  over  400,000  fly  larvae,  or  400  larvae  to  the  pound  of 
fresh  manure.1  After  manure  is  well  rotted,  flies  are  not  attracted  to  it 
to  lay  their  eggs.  If  daily  scattering  of  manure  cannot  be  practiced, 
the  maggot  trap  may  be  used  to  destroy  most  of  the  maggots,  without 
depreciation  of  the  fertilizing  value  of  the  manure.  The  maggot  trap 
is  a  slatted  platform  about  10  by  20  feet  in  size,  supported  within  and 
over  a  shallow  cement  vat .  The  manure  is  removed  from  the  stable  each 
day  and  dumped  upon  this  platform.  It  is  kept  wet  by  pumping  wat cl- 
over it  from  a  cistern  adjoining  the  vat,  into  which  the  water  from  the 
vat  can  be  drained  at  intervals.  A  few  inches  of  water  are  kept  in 
the  vat  all  of  the  time.  Under  such  circumstances,  fly  larva1  grow  in  the 
manure  to  full  size.  Then,  driven  by  a  negative  hydrotropism  to  seek  a 
dry  place  before  pupating,  they  desert  the  manure  if  it  is  kept  wet,  fall 
through  the  slats  and  are  drowned  in  the  water.  If  manure  must  be 
allowed  to  accumulate  in  the  stable  or  barnyard  it  should  be  treated 
chemically  to  destroy  the  eggs  and  larva1.  Considering  the  factors  of 
Bafety  about  the  premises,  non-injury  to  the  legs  of  animals,  high  toxicity 

1  Hehms,  "Medical  and  Veterinary  Entomology,"  p.  209,  1923. 
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to  tlv  larva',  ami  safety  to  plants  "ii  soil  where  it  is  applied,  borax  appears 

to   be   best   for   this   purpose   and    1  '  j   ounces  of   borax   dissolved   in   2'j 

gallons  of  water  should  be  sprinkled  over  the  manure  from  each  horse 

eaeli  day  BO  as  to  wet  all  parts  of  it.  Borax  costs  about  10  cents  a  pound. 
Materials  therefore  cost  about  1  cent  per  horse  per  day  lorsuchtre.it  inent.1 

In  addition  to  these  control  measures  which  go  to  the  heart  of  the 
problem  and  get  the  fly  before  it  reaches  the  dangerous  winged  condition, 
some  help  may  be  secured  by  the  use  of  traps.  Various  home-made 
kinds  are  described  in  U.  S.  Dept.  of  Ayr.,  Farmers'  Bull.  734.  Bananas 
and  milk  or  brown  sugar  and  cheese,  equal  parts,  kept  wet  and  fermenting, 
make  attractive4  baits  for  traps.  As  repellents,  the  electric  fan  over 
entrances;  creosote  oil  about  stables;  and  a  mixture  of  coal  tar,  3  parts, 
and  carbon  bisulfide,  1  part,  kept  stoppered  and  applied  with  a  brush 
to  wounds  of  animals,  may  be  found  useful.  A  house  which  has  become 
filled  with  flies  may  be  most  easily  cleaned  of  them  by  puffing  2  or  3 
ounces  of  pyrethrum  powder,  or  various  commercial  preparations,  into 
the  air  of  each  ordinary-sized  room  and  closing  it  tightly  for  Yi  hour. 
At  the  end  of  this  time  the  stupefied  flies  may  be  swept  off  the  floor  and 
burned. 

The  control  of  the  house  fly  presents  no  greater  difficulties  than  that 
of  the  southern  cattle  tick,  the  codling  moth,  or  other  widespread  and 
abundant  pests.  It  can  and  will  be  controlled  when  the  general  public 
becomes  educated  to  view  it  as  the  real  menace  to  health  that  scientists 
know  it  to  be. 

References. — Among  the  most  important  are  Howard,  L.  O.,  The  House  Fly, 
Disease  Carrier,  Frederick  A.  Stokes  Company,  1911;  Hewitt,  C.  Gordon,  The 
House  Fly;  A  Study  of  its  Structure,  Development,  Bionomics  and  Economy,  Manchester 
I  iiiversity  Press,  1910;  Graham-Smith,  Flies  and  Disease:  Non-blood- sucking  Flies, 
Camhridge  University  Press,  1914;  U.  S.  Dept.  Agr.  Farmers'  Bulls.  679,  1915;  and 
1408,  1924. 

1  See  U.  S.  Dept.  Agr.  Dept.  Bulls.,  118,  1914;  245,  1915;  and  408,  1916. 
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Arsenic,  metallic,  232 
water  soluble,  232 
white,  234,  236,  238,  319,  331 
Arsenic  acids,  237 
oxide,  237 
pentoxide,  237 
trioxide,  236 
Arsenical,  ideal,  232 
Arsenical  dips,  785,  791,  811,  814 
standard,  775 
residue,  021 
Arsenicals,  232,  455,  639 
extent  of  use,  232 
killing  power  of,  232 
source  of,  232 
Arsenious  acids,  237 

oxide,  234,  236 
Arsenite  of  lime,  237 
of  lead,  237 
of  soda,  234,  235,  237,  238,  319,  331,  418,  669, 

737,  832 
of  zinc,  234,  235,  237 
Arsenites,  237 
Arthropods,  75,  85,  155,  160,  162 

characteristics  of,  85,  162 
Arthropod  segment,  typical,  108 
Artificial  classification,  153 

illuminant,  45 
Aschiza,  228 

Asexual  reproduction,  46 
Ash,  434,  660,  073,  075,  093 
black,  059,  000 
blue,  059,  660,  075,  070 


Ash,  green,  659,  660 
wh  660 

Ash  tret  injured  by  lilac  borer,  674 
Asial ic  cholera,  855 

Asiluhe,  227 

Asparagus,  462,  464,  502,  515  518 
beetle,  132,  615,  516,  517 

t  welve-spot  ted,   515,   517 

miner,  516,  518 
Axi>idiotus  cyanophylli,  701 

forbesi,  017 

hedera,  700,  701 
latania,  701 

pcrn/ciosus,  539,  613 

rapax,  701 
Assasin  bugs,  24,  191,  825,  827,  837,  838 
Astacidae,  422 

Asters,  315,  428,  474,  478,  714 
Atomizer,  hand,  279,  281 

sprayer,  281 
Atriplex,  421 

Attachments,  muscle,  100 
Attayenus  piceus,  746,  747 
Attrahents,  239,  331 
Auchenorhynchi,  188 
Auchmeromt/iu  lutcola,  854 
Aulacaspis  rota,  037,  7<>1 
Australian  lady  beetle,  57 
Author  of  names,   101 
Autuyrapha  brussiac,  498 

falcigera,  508 

gamma,  larva  of,   1  10 
Aves,  80,  155,  100 
Avoiding  contamination,  852,  854 
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Babesia  bigeminum,  24 
Baerg,  W.  J  ,  104 
Bacillus  of  Morgan,  24 
Bacillus  pestis,  24,  839 

tracheiphilus,  459 

typhosus,  24 
Hack  swimmers,  191 
Bacon,  750 
Bacot,  A.,  851 
Bacteria,  855 
Bacterial  diseases,  230 

infections,  85(5 

wilt,  459 
Bagging,  409,  703,  766 
Bagworm,  104,  603,  681 

larval  cases,  150,  082 

moths,  208 
Bait  for  ants,  738 

for  fish,  769 
Bait,  poison,  238,  418,  434,  435,  441,  645 

poison-bran,  319,  323,  325,  331,  371,  398,  407, 
429,  437,  519,  568,  608,  716,  727 
Baits,  army  worm,  238 

attractive,  860 

cricket,  238 

cutworm,  238 

earwig,  238 

grasshopper,  238 

millipede,  434 
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Kan-,  poison,  238,  1 3 1.  1 88 

vrireworm,  138 
Baking  pow  dor,  75  i 
Balancer  of  halteris,  222 
Balanoglosus,  155 
Bald-faced  bornet,  215,  210 
Balduf,  W.  V.,  MO 
Baling,  772 
Balm  of  Qilead,  660 
Balsam  ol  Peru,  849 
Banding  trees,  263,  •">•">('>,  557,  572,  668, « ►  *. » u1 

Hands,  burlap,  692 

ohemioally  treated,  573 
Barberry,  565 
Barium  sulfide,  242,  243,  245,  247,  249 

tetrasulfide,  246,  246 

tbiosulfate,  249 
Bark  aphid,  pine,  662 

beetle,  fruit-tree,  521,  530,  531,  594,  602,  661 
hickory,  661,  670,  671 
peach-tree,  594,  602,  003 

beetles,  13,  199,  530,  002,  661,  670 

lice,  171,  182 
Barley,  344,  345,  359,  364,  368,  372,  377,  474,  753 
Barnacles,   li',_' 
Barn-swallow  bug,  823 
Barrel  pumps,  281 

sprayer,  281 
Barren  insects,  210 
Barrier,  coal-tar  creosote,  340,  3.50 
Barrier  lines,  262 

/■■lie,  692 
Barriers,  262,  274,  349,  435,  645 
Basal  veins,  211 
Base  of  wing,  81 
Basement  membrane,  72 
Basitarsus,  222 
Basket,  pollen,  48 
Bat,  155 
Bath,  soapy,  846,  848 

dust,  820 
Jiathi/plectes  curculionis,  389 
Bats,  80,  228 
Baume,  247 
Bay,  704 
Bean  aphid,  64,  150 

beetle,  Mexican,  237,  381,  408,  449,  451,  452 

crop,  estimated  annual  loss,  32 

lady  beetle,  451  (see  Mexican  bean  beetle). 

leaf  beetle,  380,  1 19,  150,  453,  454 

weevil,  broad-,  76  1 
common,  765 

four-spotted,  382,   108,  734,  765 
spotted,  765 

weevils,  199,  149,  734,  763,  764,  765 
Beans,  301   303,  307,  313,  321,  338,  357,  386,  396, 
116,    121,   132,  434,    1  to,   142,   lie,   t  is.  449- 
457,   M0,    174,    176,    17s,    193,  602,  552,  620, 
763   766 
Bearer,  cigar-case,  524,  562,  563 

pistol-case,  523,  561,  562 
Beauty  of  insects,  67 
Bedbug,  117,  171,  I'M.  823,  825,  836 

big,  837 

China,  837 

methods  of  -pr'  id 


Bedbug,  Mexican,  826,  837, 
Bee,  i'  'diii'  h  ii.ii    ..i,  127 

ii.  id,  id 

hive,  id 

leaf-cutting,  220 

worker,  10,  1 1 
I'.,-.-  flies,  226,  227 

hives,  760 
I  ice,   22S 

Beech,  565,  625,  652,  677 
Beekeepers,  18 

Bees,  13,  17,  36,  129,  171,  209,  214,  218,  219,  826 
leaf-cutting,  12,  219 

solitary,  48,  218 
Beeswax,  35,  11,  12,  is,  750 

annual  production,   1 1 

how  produced,   12 
Beet,  446,   193,  498,  502,  508-515,  626 

leaf  beetle,   146,    148 

leafhopper,   14,  488,   509,   512 
Beetle,  American  raspberry,  637 

argus  tortoise,  483,  184 

asparagus,  515,  516,  517 

bean  lady,  451  (see  Mexican  bean  beetle). 
leaf,  380,  449,  450,  453,  151 

beet  leaf,  146,  148 

black  blister,  1 1 1 
carpet,  746,  747 
-legged  sweet  potato,  483,  184 

buffalo,  746  (see  Carpet  hit  ties). 

burying,  196 

cabbage  flea,  326,  440,  I'M 

carrot,  509,  514,  515 

click,  303,  304 

Colorado  potato,  4,  65,  111,  236,  275,  471,  472, 
473 

common  carpet,  746,  747 

confused  flour,  733,  754,  7"."> 

corn  flea,  326 

drug-store,  31,  424,  732,  745,  746 

eggplant  flea,  438,  440 

elm-leaf,  662,  680 

European  ground,  56 

foreign  grain,  733 

fruit-tree  bark,  521,  530,  531,  51)1,  602,  661 

giant  water  scavenger,  196 

golden  sweet-potato,  482,  483,  484 

grape  flea,  619,  624 

green  June,  424,  595,  607 

hickory  bark,  661,  670,  671 

hide,  733 

horse-radish  flea,  438,  139,  440 

imbricated  snout,  521,  533,  641 

Japanese,  :«X),  353,  595,  605,  606,  723 

larder,  733,  750 

margined  blister,  .'5!>2 

Mexican  bean,  2:57,  381,    108,    149,  451,   152 

mottled  sweet-potato,  483,  1st 

pah-striped    Ilea,    298,   302,    303,     139 

peach-tree  bark,  594,  602,  603 

poplar  leaf,  662 

potato  flea,  111,  438,  mi 

predaoeous  diving,  79 

r'-d  milkweed,  64 

rove,  62,  196 

rust-red  Bour,  733,  751 
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Beetle,  saw-toothed  grain,  733,  755 
scarab,  Ian  >.  I  16 
sinuate-striped  flea,  438,  1 10 
Bmartweed  flea,  326,  439 

sperm  of,  134 

spinach  flea,  65,  138,  430,  440,  600,  510 
spotted  cucumber,   14,  311,  312,  35 1,  368,  380, 
108,   149,  464,   168,   150,  461 

stag,  197 

strawberry  flea,  641,  645 

striped  blister,  408,  475 
oabbage  flea,  438,  440,  194 
cucumber,  11,  111,  458,  459,   160 
sweet-potato,  182,  483,  184 

Bweet-potato  flea,  326,  438,  483,  485 

tiger,  195 

and  soil,  275 

tobacco,  31,  424,  732,  744,  745 
flea,  123,  424,  425,  438,  440 

toothed  flea,  326 

tortoise,  483 

twelve-spotted  asparagus,  515,  517 

water  scavenger,  132,  196 

western  cucumber,  459 

willow  leaf,  662 
Beetles,  36,  171,  193,  197,  198,  199 

bark,  13,  190,  530,  602,  661,  670 

blister,  IS,  45,  104,  198,  380,  392,  471,  474,  475, 
188,  827 

bombardier,  17 

carpet,  732,  746,  747 

chek.  19S,  303,  355 

corn-seed,  29S,  305 

dung-feeding,  783 

flea,  13,  04,  299,  325,  437,  458,  471,  488 

ground,  17,  54,  55,  132,  198,  324 

June,  306,  307,  723 

lady,  34,  54,  56,  370,  443,  456,  648 

leaf,  56,  199 

lightning,  45,  196,  198 

long-horned,  7,  199,  527.  005,  007 

May,  50,  306,  307,  433,  519 

museum,  732,  746,  747 

snout,  195,  199 

staphylinid,  15 

sweet  potato,  104,  483 

wingless,  80 
May,  410 
Beets,  301,  303,  333,  434,  440,  402,  404,  474,  500, 
508-515 

sugar,  326,  357,  390,  485,  508-515,  552 
Beggar-tick,  452,  453,  454,  511 
Begonia,  706,  709,  725 
Behavior,  instinctive,  71,  158,  209 
Belidaj,  532 
Belladonna,  472 
Bellows  duster,  293 
Belostomida?,  191 
Belting  lip  protector,  7S0 
Bemisia  ineonspieua,  483 
Beneficial  insects,  table  of,  35 
Benzene,  810 
Benzoate  of  soda,  737 
Benzol,  797,  811 
Best  uses  for  fumigants,  253 
Beta-naphthol,  849 


Bichloride  "i  mercury,  507,  721,  728 
Bifid-tongued  bees,  -'  1 8 

Big  l.rdlmgs,  S37 

BillbugS,    265,   300,   340-343,   354,   359,   378 

Bindweed,  184,  186 

Binomial  nomenclature,   159 
Bins,  grain,  insects  in,  7til 
Biological  control,  230,  268 

investigations,  insects  in,  1)7 

Bipectinate  antenna,  83,  B I 
Birch,  505,  665 

borer,  bronze,  660,  664,  665 
Bird  grasshoppers,  327 

lice,    19,    171,  183 

malaria,  829 
Birds,  50,  80,   155,  275,  783,  SI 5 

food  of,  50,  275 

ground-nesting,  845 

how  to  enoourage,  276 

insectivorous,  230 

value  of,  270 
Bishopp,  F.  C,  780,  792,  793,  794,  S02,  819,  820, 

844 
Bison,  792 

Bisulfide,   carbon,  258  (see  Carbon   bisulfide). 
Bite  of  centipede,  741 

of  spider,  838 
Biting  house  fly,  835 

fly  subtype  of  mouth  parts,  124 

insects,  10 

lice,  183 
Bites,  insect,  16 
Black  ant,  little,  217 

ash,  059,  000 

blister  beetle,  111 

blowfly,  782,  803,  810 

carpet  beetle,  746,  747 

chrysanthemum  aphid,  708 

cutworm,  205,  321,  322,  428 

elder,  032 

flies,   It),  227,  707,  772,  781,  783,  797,  802,  811, 
825,  832,  S33 

fly  larva,  146 

knot,  573 

locust,  660,  667 

oak,  072 

peach  aphid,  595,  610 

scale,  047,  652,  053,  704 

swallow-tail  butterfly,  208,  508,  510 

widow,  104 
Blackberries,  bad  taste  of,  511 

Blackberry,  448,  558,  626,  638,  039,  640,  041,  043, 
717 

knot  gall,  9 

leaf  miner,  040 
Blackbird,  276,  310 
Black-bodied  cherry  fruit  fly,  615 
Blackleg,  796 

Black-legged  sweet-potato  beetle,  483,  484 
Blanketing  animals,  770,  772 
Blastophaga  psenes,  49 
Blatchley,  W.  S.,  330 
Blatta  oriental  is,  712 
Blattella  germanica,  742,  743 
Blattidae,  742 

characteristics  of,  170 
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Blight,    chestnut,    18 

fire,  13 

pot, iln,    1.5 

rMpberry-oane,  i  i 
Blights,  1 12,  512 
HI i nt  1  insi  •  •    .  s  ■ 

staggers,  803,  808 

Missus  leumpt,  r„s,  344,  346,   347,   340,   306 

Blister  beetle,  black,  1 1 1 
margined, 
striped,  108,  475 
beetles,    18,    IS,    104,    198,  380,  392,    171,  474, 

175,  188,  B27 
mite,  pear-leaf,  523,  587,  590,  591 
Blisters,  cantharis,  16 
Blood  corpuscles,  96 
gills,  95,  169 
of  insc"  t ,  96 
parasites,  7s  i 

-sucking  body  louse,  SO.'?,  807 
cattle  lice,  786 
cone-nose,  837 
flics,  224 

foot  louse,  803,  807 
horse  louse,  768,  774 
lice,  115,  122,  171,  192 
Bloodworms,  51 
Blotch.  555 
Blower  dusters,  292 
Blowfly,  99 

black,  782,  80.'?,  810 
compound  eye  of,  00 
Blue  ash,  659,  660,  675,  676 
-bug,  812,  816 
grass,  318,  324,  364,  378 
milkweed,  beetle,  61 
Blueberries,  584 
Bluebird,  food  of,  50 
Bluebottle  flies,  22 
Bluest  one.  261    (see  ( 'upper  sulfate). 
Body  louse,  blood-sucking  sheep,  803,  807 
common  chicken,  820 
human,  19,  122,  826,  849,  850,  851 
large  chicken,  812,  817,  819 
small  chicken,  812,  820 
r<  irinns  of  insects,  7."),  76,  77 
-'  gmentation,  74 
wall,  72 

chitinous,  72,  704 
Boiling  water,  817 

duval's  Bcale,  701 
Boll  rot  of  cotton,  13 

weevil,  8,  13,  111,  206,  409,  411,  112 
earl]  history  of,  412 
enemies  of,  54 
Bollworm,  cttnn,  13,  351,  407,  100,  416 
pink,  1  is.   109,  418,  410,  420 
tig  cloth,  7.">7 
Bombardier  beetles,  17 
Bomb  fly,  782,  791,  792,  794 
Bombidae,  219 

fimnliu  ■  -iru  m  ,    17 

awricom  ■  .   1 7.  219 

teparatus,   17 
BtombycidsB,  J11'1 
■pmbyliidsB,  -'-'7 


Bombyliut  major,  226 

Bombyx  mcri,  M 

hook  bindings,  injury  to,  30,  712,  711 

lice,    171,    182 
-lung's,    Hil 
Hooks,  injury  In,  .;  I 

Booms,  spray,  200 

Borax,  860 

Bordeaux  in  emulsions,  260 

mixture,  243,  250,  260,  t  td,  117.  166,  17  1.  17."., 
477,  401,  590,  til  I,  621,  623,  624,  625,  628, 
642,  til.'? 

M  B  n  ovicide,   260 

cautions  for  making,  262 

formula  for,  261 

how  to  make,  261,  262 

how  to  preserve,  262 

poisoned,  260 

uses  of,  260 

stock  mixtures  for,  261 
mixtures,  commercial,  261 
nozzle,  286 
oil  emulsion,  492,  514 
Borden,  A.  D.,  124 
Borer,  bronze  birch,  660,  664,  665 
clover  root,  380,  384 

stem,  265,  382,  400,  401 
common  stalk,  64,  265,  300,  337,  410,  471,  510 
cotton-square,  409 
currant,  631,  632 
elm,  661,  669 
European   corn,   266,   300,  333,  335,   336,   353, 

519,  717 
flat-headed  apple-tree,  521,  526 
imported  currant,  632 
injury  by,  7 

larger  corn-stalk,  300,  339,  340 
lead-cable,  26,  27 
lesser  corn-stalk,  300,  338,  339 

peach  tree,  594,  599,  600 
lilac,  661,  673,  674 
locust,  661,  667,  668 
long-horned,  injury  by,  7 
mottled  poplar,  661 

willow,  661 
peach  tree,  50  1,  595,  506,  597,  598 

twig,  504,  601 
poplar,  661,  666 
potato  stalk,    171,  480 
red-necked  cane,  637,  639,  640 

round-headed  apple-tree,  150,  521,  527,  528,  529, 

593 
shot-hole,  521,  530,  531,  594,  602 
sinuate  pear-tree,  -">s7,  588 
squash  vine,   L58,  466,  467 
strawberry  crown,  641 
sugar-cane,  296 
Borer-.  B 

flat-headed,  526,  660,  664 
long-horned,  199,  527,  660,  665 
metallic  STOOd,    198,  526,  660,  664 

pear,  "'vx 
pin-h..le.  521,  532 
rosnd-hsftded,  527,  660,  665 
Hot,  (see  Bfgjfy). 

Botflies,   1''.  J28,  776,  791,  808,  854 
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Botfly,  common  hone,  22,  768,  776,  777,  779 

egg  laying  of,  136,  794 

horse,  and  stable  fly,  138 

human,  828,  854 

lip,  776,  777,  779 

Dose,  770,  779 

rabbit,  22 

red-tail. (1,  768,  776 

aheep,  803,  808,  809 

throat,  768,  776,  777,  779 
Hots  (see  But  fly). 

in  oesophagus,  79  1 

in  stomach,  77S 
Bottle  fly,  green,  781,  810 
Box,  fumigating,  703 
Box  elder,  470,  485,  660 

bug,  191,  862 
Brachinus,  17 
Brachiopods,  155 
Braehium,  189 
Braehyeera,  227 
Braohyelytra,  198 
Brachyrkinua  ovotus,  tilt 

sul  cut  us,  723 
Braoonid  parasite,  59,  62,  63,  214,  218,  368,  369, 

190 
Braconide,  59,  218,  369,  490,  198,  683 
Brain,  89,  90,  94,  97 
Bran,  756,  759 
Branched  hairs,  220 
Braulidte,  22S 
Breakbone  fever,  829 
Breakfast  foods,  759,  760 
Breeding  places,  destruction  of,  772 
lin  vicoryne  brassica,  503 
Bristle  tails,  171,  172,  744 

wings,   184 
Bristles,  7  16,  7  is  (see  also  Seta). 
Broad  pigeon  louse,  SI 2,  820 
Broad-bean  weevil,  734,  764 
Bronze  birch  borer,  660,  664,  665 
Bronzed  cutworm,  322,  323 
Broom  corn,  326,  344,  378 
Brown  rot,  604,  613 
of  figs,  50 

scale,  soft,  647,  703,  70  1 

thrasher,  food  of,  50 
Brown-tail  moth,  18,  56,  274,  524,  663,  692,  693, 
694 
control,  273,  693 
Bruchida?,  199  (see  Mylabrida). 
Bructiophagus  fuucbris,  401 
Bruchomorpha  oculata,  nymph  of,  140 
Brues,  C.  T.,  824 
Brush  dragging,  390,  398 
Brushes,  pollen-collecting,  47,  79,  219 
Brushing  clothing,  749 
Brussels  sprouts,  494-508 
Bryobia  prcetiosa,  553 
Bryozoa,  155 

B.T.S.,  247  (see  Barium  tetrusulfide). 
Bubonic  plague,  24,  836,  839 
Buccal  funnel,  122 
Buccula,  189 
Buck  moth,  18 
Bucket  pump,  280,  281 


Buckeye,   660,   693 

Buckhorn,  128 

Buckwheat,  313,  132,  178,  753 

Bud  moths,  563  (see  Bud  worms). 
Bud  worm,  false,  423,  427 

spruce,  296,  663 

tobacco,  351,    123,  426,  427  (see  Corn 

wur  m ) . 
worms,  312,  524,  563 
weevil,  clover,  265,  380,  390,  391 

Buds,  103 

Buffalo  beetles,  732,  746,  717 

gnats,  227,  767,  772,  781,  7s:},  797,  S02,  811, 
832,  833 

treehopper,  522,  537,  538 

Bug,  ambush,   191 
barn  swallow,  823 
bod,  823,  825,  836 
box-elder,  191,  662 
blue-,  812,  816 

chinch,  344,  366  (see  Chinch  buy). 
citrus  mealy,  705 
cotton-leaf,    109 
European  pigeon,  823 
four-lined  plant,  631,  635,  636,  712 
green,  265,  355,  367,  368 
harlequin,  116,  195,  501,  502 
Mexican  chicken,  823 
negro,  509,  511 
pinching,   16 
potato,  472  (see  Colorado  potato  beetle), 

spined  tobacco,    124 

squash,  llt>,  117,   lis,   132,   171,   191,   158, 
463 

structure  of,  189 

tarnished  plant,  1  1,  65,  116,  140,  445,  447, 
611,  612,  712 
Bug  poisons,  244 

"Buggy"  peas,  763   (see  Pea  weevil). 
Bugong  moth,  52 
Bugs,  188,  191 

ambush,  191 

apple  red,  526,  582,  583 

aquatic,  36,  51,  191 

assassin,  24,  191,  S27,  837,  8  18 

citrus  mealy,  656 

daw,  3()S  (see  also  May  hectics). 

electric  light,  10,  190,  827 

giant  water,  190,  191 

gold,  483   (see  Sweet- potato  beetles). 

kissing,  825,  837,  838 

lace,  64,  191 

leaf-footed  plant,  191,  409 

mealy,  648,  656,  704 

mealy,  and  ants,  7  ;i 

red,  845  (see  Ckiggers  and  Apple  red  bugs). 

stink,  15,  171,  191,  409,  463 

true,  115,  188,  191 

wingless  June,  410 
Buhach,  244 
Bulb  fly,  lesser,  699,  722 
narcissus,  699,  721 

mite,  699,  723,  724 
Bull  nettle,  326 
Bumblebee  nest,  219 

queens,  47 


812, 


462, 
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Bumblebees,  48,  126,  219,  220 
Buprestid*,  198,  526,  688,  689,  664 
Burlap  bands,  692 
Kuril,  hopper,  475,   17(1 

Burning,  280,  267,  898,  416,  127,  101.  168,  169, 
180,  186,  191,  194,  608,  510,  531,  587,  559, 
588,  608,  621,  632,  688,  689,  640,  648,  665, 
666,  667,  670,  673,  688,  687,  696,  720,  722, 
726,  751,  752,  77-',  797,  817,  852 

summer,  368 

winter,  348,  366,  I-1"),  603,  673 
Burning  carcasses,  81 1 

crop  refuse  (see  Burning  crop  remnant*). 
remnants,  336,  338,  340,  344,  368,  309,  374, 
378,   120,   151,  71S 

of  sulfur,  253,  Nil 
Burr  11:1k,  ('Hi  1 
Burrowing  bees,  392 
Burying,  186,  491,  797 

beetle,  196 

carcasses,  81 1 
Bush  beans,  153,  177 

clover,  453,  45 1 

fruits,  576,  619-640 
Butterflies,  30,  82,  126,  171,  203,  209 
Butterfly,  black  swallow-tail,  208,  508,  510 

milkweed,  04 

monarch,  64,  81,  148 

potherb,  501 

skipper,  207 

southern  cabbage,  501 

thistle,  <•>."> 
Butterfly  cocoons,  104 
Butternut,  (185,  717 
Buttons,  42 

By-products  of  katabolism,  88 
Btfturtu  unicolor,  637 


Cabbage,  301,  321,  326,  432,  434,  435,  440,  446, 

462,  472,  474,  493,  494-508,  514,  626 
Cabbage  aphid,  495,  503,  50  1 

bug,  harlecpain,  116,  495,  501,  502 

butterfly,  southern,  501 

BTOp,  estimated  annual  loss,  32 

flea  beetle,  320,  440,  494 

looper,  494,  498,  499,  717 

maggot,   195,  505,  506,  507 

webworm,  501 

worm,  cross-striped,  501 

imported,  01,  494,  495,  196,  497 

parasites  of,  01 
purple-backed,  501 
Cable  borer,  lead-,  20,  27 
Cables,  injury  to,  20,  27 
Cactus,  45 

insects,  control  of,  0.") 
•sale,  701 
Caddice-flies,  51,  132,  150,  171,  202 
-worms,  51,   101,  202 
He.  733,  757 
.  gastric,  89,  91,  '•! 
Calcium  arsenate,  234,  235,  236  'see  Anenat*  of 

cnlr 

•  uite,  2:57 


( ' .  1 1 1  ■  1 1 1 1 1 1  casei  na  t< 

.  n  I mde,  250,  257,  |,  703,    70K, 

710,  7  11,  717,  7:t7,  7  15,  837,  841 
dosage,  258 

how    to    use,    258 
kinds  of,  257 
uses  of,  257 
(  'allium  cyanide  dust,  257 
lluosilicate,  238,  717 

pentasulfide,  210,  219 

sulfite,  210 
tetrasulfide,  210,  249 
thiosulfate,  248,  249 

Calendra,  310 

Calico  back,  501  (see  Harlequin  bug). 

California  green  lacewing  fly,  cocoon,  150 
red  scale,  0  17,  650,  051 
tussock  moth,  larva,    1  10 

('id iron  eeraei,  213 

Calliphora  vomitoria,  99 

Callopistria  Jloridenxis,  716 

Calosoma  eycophanta,  50 

Calyptratae,  228 

Calyx  spray,  571,  586 

Camel  crickets,  175 

Camellia  scale,  703 

Camnula  pellucida,  329,  330 

Camouflaging,  105 

Camperdown  elm,  680 

Camphor,  262,  832 

Canada  thistle,  65 

Canal,  alimentary,  89 

Candy,  755,  760 

Candytuft,  500 

Cane  borer,  red-necked,  037,  639,  640 

sugar,  41 
Canker,  apple,  14 
Cankerworm,  fall,  523,  557 

spring,  523,  555,  550 
Cankerworms,  555,  557,  663 
Cannibalism,  275,  770 
Cantharidae,  198 
Cantharidin,  35,  46,  474 
Cantharis,  392 
Capitate  antenna,  83,  84 
Caprifigs,  49,  50 
Capsidae,  191  (see  Miridae). 
Carabidse,  17,  54,  198,  305 
Caraboid  larva,  475 
Caraway,  510 
Carbolated  vaseline,  821 
Carbolic  acid,  262,  770,  780,  797,  806,  - 

emulsions,  050 
Carbolineum,  531,  814 

Carbon  bisulfide,  25:?,  258,  120,  433,  182,  031, 
866,  667,  675,  723,  730.  737,  712.  717. 
749,  751,  702,  7o:<,  780,  852,  853,  860 

commercial,  258 

dosane,  259 

duration  of  exposure,  259 

effect  on  man,  258 

on  plant- 
emulsion. 

how  to  use,  . 

penetration  of,  2">s 

precautions,  258 
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Carbon  t>i«nJ rtti*',  properties  of,  258 
■hipping, 

dioxide,  SN 

disulfide,  258  (Bee  Carbon  bisulfide). 

tetrachloride,  253,  260,  762,  853 
( Carbonate  of  soda,  77t> 
( taroaaseft,  811 

worms  in,  797 
Card-indices,  injury  to,    30 
Cardo,  113,   128 

Care  of  animals  alter  dipping,  799 
after  oiling,  799 

of  spniy  pump,  279 

of  young,  -19 
Carina,   189 

Carnations,  498,  711,  712.  713 
Carolina  grasshopper,  330 

poplar,  476,  660,  666 
Carpenter  ant,  732,  734,  735 

bees,  small,  219 
large,  219 

moths,  208 

worm,  661,  671,  672 
Carpet  beetle,  black,  746,  747 
common,  746,  747 

beetles,  732,  746,  747 
and  flowers,  747 
( 'arpets,  746 

('ari>ocapsa  pomonella,  525,  568,  569,  570,  571 
Carriers  of  chicken  fleas,  817 

of  disease,  225 

of  mites,  815 
Carrot,  wild,  509,  514 
Carrot  beetle,  265,  509,  514,  515 

rust  fly,  509,  514 

weevil,  509 
Carrots,  432,  434,  474,  508-515 
Case-bearers,  150 
Casein,  748 

Caseinate,  calcium,  245,  250,  653 
Case-making  clothes  moth,  104,  748,  749 
Cassida  bivittata,  482,  484 
Castes,  218 
Castor  oil,  262 
Castor-bean  tick,  S25,  842 
Castrating,  797 
Cat,  73,  155,  771,  775,  817,  839 

carrier  of  chicken  fleas,  817 

enemy  of  birds,  276 

treatment  of,  8  1 1 
Cat  flea,  797,  S25,  839,  840 
Catalpa,  660,  683 
Catalpa  sphinx,  66:5,  683.  684 
Catbirds,  276 
Catch  basins,  832 
Categories,  161 
Caterpillar,  alfalfa,  148,  381,  393,  394 

celery,  18,  104,  208,  209,  510 

clover-head,  382,  403,  404,  407 

Eastern  tent,  524,  565,  566 

Florida  fern,  698,  716 

nettling  hairs  of,  92 

range,  378 

red-humped,  524,  566 

saddle-back,  17,  18 

salt-marsh,  410,  441 


i  pillar,  Bphim . 

i.  i,i,  209, 

walnut,  663,  685,  I 

woolly-bear,    I  1  1 

yellow-bear,  1 1 1 

yellow-necked,  521,  566,  567 
Caterpillar  hunters,  56 
Caterpillars,  36,  75,  206 

nettling,  17,  N27 
"Cat-facing,"  till,  til  2 
Cathdrtus  advena,  733 
Cat-tail,  342 

Cattle,  769,  771,  775,  781  797,  sol,  805,  810, 
843 

estimated  annual  injury  to,  .'53 

tick-free,  791 
Cattle  fever,  24,  788  (see  Tick-fever). 

grub,  common,  791,  792,  7915 
Northern,  791 

grubs,  791,  794,  795  (sec  Ox-warble  flies). 
losses  from,  792 

lice,  784 

blood-sucking,  786 

louse,  chewing,  784,  785 
long-nosed,  781,  786,  7S7 
short-nosed,  781,  786,  787 

tick,  23,  24,  788   790 
extent  of  damage,  789 
non-parasitic  period,  790 
parasitic  period,  790 
Caudell,  A.  N.,  67 
Cauliflower,  434.  446,  4915,  494508 
Caution  in  spraying,  279 
Cavalryman's  itch,  775 
Cave  crickets,  175 
Cayenne  pepper,  754 
Cecidomyia  poculum,  9 

Cecidomyiidae,  227,  359,  365,  405,  718,  719 
Cecropia  moth,  67,  98,  206 
cocoon,  150 
larva,  146 
Cedar  chest,  748,  750 

oil,  832 
Celeriac,  514 
Celerio  lineata,  64 

Celery,  445,  446,  498,  506,  508  515,  552 
Celery  caterpillar,  IS,  101,  208,  209,  510 

looper,  508 
Cell,  nerve,  96 

trichogen,  72 
Cell  division,  135 

walls,  154 
Cells,  81,  211,  222 

fat,  92 

germ,  101 

hypodermal  gland,  92 

retinal,  99 
Centipede,  78,  83,  162,  163,  741,  827 

bite  of,  741 

garden,  699 

house,  732,  741 
Cephidae,  217,  372 
Cephus  cinctus,  372 

pygmcBUS,  larva  of,  146 
Cerambycidse,  199,  527,  665,  666,  667,  669 
(Yratinida?,  219 
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C.  ratomia  c  Ualpa,  683,  68 1 
Ceroopidas,  iss 

( '.  rouB,  7t<,  BO 

Cereal  produots,  insects  injuring,  731  7<»<> 

Cinsu  h,isniis,  aympfa  <>f,  lit) 

hiihnliis,  .">;;? 
<  \  rotoma  trifurcota,  163 
( !en  ides,  1 57 
Chatocnema  confinit,  326,  438,  185 

i/<  nticulata,  326 

puliearia,  .' i li » » 

Chafer,  rose,  18,  615,  619,  625,  626 
Chaff  scale,  703 
Chagaa  disease,  24,  838 
Chalastogastra,  217 
Chalcid,  apple  seed,  egg,  132 

clover  seed,  382,  401,  t02 
Chalcid  wasps,  59,  61,  218 
ChalcididiB,  50,  59,  218,  373,  374,  401,  498 
CI. amber,  air,  282,  283 
Chandler,  A    8  ,  849 
Characteristics  of  a  good  duster,  291 

of  insects,  85,  100,  162 

of  larva,  147 
Chard,  446,  .-)13 
( !heese,  751 
Cheese  mites,  73:i,  752 

skipper,  733,  751 
Chelymorpha  rassidea,  484 
Chemical  control,  229 

treatment  of  manure,  859 
Chemically  treated  bands,  573 
Chermes  pinicorticis,  662 
Chermidse,  188,  588 

Cherry,  530,  532,  538,  539,  553,  554,  560,  562,  563, 
567,  578,  584,  592,  596,  599,  602,  610,  614- 
618,  626,  638 

wild,  560,  565,  566,  599 
Cherry  fruit  flies,  616,  616 

leaf  beetle,  pupa,  148 

sine.,  615 
Chest,  cedar,  748,  750 
Chestnut,  672,  693 

horse,  660,  675 
Chestnut  blight,  13 

weevil,  egg-laying,  136 
Chewing  horse  louse,  768,  773 

cattle  louse,  784,  785 

insects.  1 11 
injury,  3 
poisons  for,  23  1,  235 

-lapping  type  of  mouth  parts,  126,   128,  210 

lice,  19,  171,  183,  773,  784,  807,  817 
duck,  812 

type  of  mouth  parts,  112,  113,  123 
Chickadee,  food  <>f.  50 
Chicken  bug,  Mexican,  823 

flea,  southern,  812,  817 

louse,  large,  812 

mite,  813 
Chi.  kms,  783,  811    823,  836 

estimated  annual  injury  to,  33 

killed  by  eating  insects,  18 
Chick  weed,  51  1 ,  .".  I  ; 
Chigger  feeding,  s  16 
'  -  25,  845,  8  16    B(  i    also  (  h  -/"< 


( Shiggen,  oint  mem  for,  847 
Chigoe  ilea,  221,  825,  841,  842  (see  also  Chigger) . 
('lulls  and  fever,  827 
( Ihilopoda,  160,  162,  163 
Chin  fly,  788,  776 
( Shins  bedbugs,  837 
Chinaberry,  657 

Chinch  bug,   ">,    116,    117,    171,    101,  265,  277.  300, 
344,  316,   317,   349,   355,   366,  377,   378,   379 
calcium  cyanide  for,  258 

dimorphism  of,  -i  18 

injury  by,  5 

life  cycle,  346,  317 

seasonal  history,  316,  .117 

Chinch  bug  egg  parasite,  61 

Chionaspis  eorni,  675 

furfura,  513 

pinifolia;,  678 

8alisis-nigr<r,  675 
Chirida  guttata,  484 
Chironomidae,  51,  227,  834 
Chitin,  72 
Chitinized  eutioula,  72 

exoskeleton,  72,  73,  104 
Chitinous  body  wall,  704 

exoskeleton,  72,  73,  104 

rings  of  mouth  parts,  125 
Chlaenius  tricolor,  egg,  132 
Chloridea  virescens,  426 
Chlorine,  260 
Chloroform,  797,  811 
Chlorophyl,  154 
Chloropieron,  260 
Chloroses,  infectious,  14 
Chocolate,  31,  760 
Choke  cherry,  530 
Cholera,  Asiatic,  855 

hog,  796 
Chordata,  154,  155,  160 
Chorion,  133 
Chorizaarotis  agrestis,  323 

auxiliaris,  323,  398 

introferens,  323 
Chromatin,  133,  131 
Chromosome,  133 
Chrysalis,  207,  208,  394 
Chrysanthemum,    474,    706,    711,    712,    714,    716, 

718,  725 
Chrysanthemum  cineraria  folium,  211 

marshnllii,  244 

roseum,  244 
Chrysanthemum  aphid,  black,  708 
green,  708 

leaf  miner,  699 

midge,  69S,  718 
Chrysididae,  218 
Chri/sobothris  femora  to,  526,  664 
(hrvsochus  auratu.-,  til 

Chrysomelida-.   I'M'.  302,  319,  311,  313,  326,  326, 
358,  437,    154,    159,    161,    17 J.    183,  485,  510, 
516,  517,  622,  624,  643,  645,  680,  717 
Ckrysomphalu*  aonidum,  650,  7ni 

aura nti i ',  650,  ti.">  1 ,7(11 

d  <  t  r    per  mi,  701 
Ckryaopa  quadripunctata,  larva  of,  1  16 
( Shrysopidcs,  6  1 
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i  hrytopa,  768, 

(  'hu: 

(  'icada,   don-. I 

tQOUth  parts  of,   1  I  B 

periodical,  lis,  L30,  521,  533,  536,  537,  5oi 
hatching  of,  137 

injury  by,  11,12 
inouth   parts  of,    1  I  s 

sr\ fiit cfii-\ tar  race, 

thirteen-year  race,  53 1 
Cicadas,  36,  66,  171.  186,  188,  533 
Cioadelhdae,  188,  399,  175,  512,  552,  627 
CieadidjB,  188,  533,  534 
Cieindelidas,  198 

Cigar  case-bearer,  150,  524,  562,  563 
Cigarette  beetle,  744  (see  Tobacco  beetle). 
Cigarettes,  31,  744 
Cigars,  31,  744 
Cimex  columbaritu,  82.'} 

hctularius,  823,  836 

Cimioidsj.191,  823,  836 
Cineraria,  711,  714,  728 
( 'inquefoil,  643 

Circular-seamed  Hies,  227 

Circulation,  87,  96 
Circulatory  system,  90,  96 
Cirphis  uni puncta,  318,  370 
Citheronia  regal  is,  18 
Citheroniicto,  209 
Citricola  scale,  653 
Citronella  oil,  262,  832 

Citrus  fruits,  464,  554,  647-658,  703,  706,  738 
estimated  annual  loss,  32 

mealy  bugs,  656,  705 

scale  insects,  648 

thrips,  65  I 

whitefly,  657 
spiny,  657 
Clams,  155 
Claspers,  90,  101 
Class,  156,  160,  161 
Classes  of  Arthropods,  160 

of  vertebrate  animals,  156,  160 

relative  size,  160 
Classification,  artificial,    153 

natural,  154 

of  house  fly,  161 

of  man,  161 

use  of  external  genitalia  in,  101 
( Classifying  insects,  153 
Clavate  antenna,  83,  84 
Clavioornia,  198 
Clavus,  189 
Claws,  79,  80 

Clay-hacked  cutworm,  322,  39S,  429 
Clays  in  emulsions,  250 

Clean   cultivation,   266,   338,  339,  437,  479,   539, 
553,  580,  613 

plowing,  336 

storage,  761 
Clean-up  measures,  compulsory,  272 
Cleaning,  frequent,  761 

steam,  837,  848 

up  litter,  802 

up  poultryhouse,  81  1 

up  trash,  621,  802 


Clear-winged  grasshopper,   I 

m-.th-,     ' 
Clematis,    171 

chek  beetles,  198,  303,  304,  356 

Climatic  control  factors,  230,  273 

Climbing  cutworms,  188,  190 

t  Histogastra,  217 

CI  in  nil  impreaHfron*,  298,  305 

Closed  cell  of  wing,  SI 

Cloth,  bolting,  757 

Clothes  moth,  case-making,   10  1,  748,  740 

webbing,  7  18 
moths,  31,  208,  732,  711,  748,  749 
Clothing,  care  of,  747,  749,  849 
dusting  of,  for  chiggefs,  846 
pests  of,  30,  746,  748 
Cloudy-winged  white-fly,  657 

Clover,    310,    313,    321,    380-407,    382,     132,    135, 
446,  456,  474,  476,  612,  626 
bush,  453,  454 
crimson,   156 
mammoth,  400 
red,  48,  336,  456,  485 
second-crop,  48 

sweet,  380-407,  396,   100,   156,493 
white,  3S2 
Clover  aphid,  381 

-bud  weevil,  265,  3S0,  390,  391 
-head  caterpillar,  382,  403,  404,  t07 
leafhopper,  399 
leaf  tyer,  265 

weevil,  150,  265,  380,  385,  386,  387 
lesser,  390  (see  Clover  hud  wctvil). 
mite,  523,  553 
-root  borer,  265,  380,  384 

curculio,  265,  380,  381,  382,  383,  407 
rootworm,  265,  313,  385 
seed,  35 
-seed  caterpillar,  265 

chalcid,  265,  382,  401,  102 
midge,  265,  3S2,  405,  406 
-stem  borer,  265,  382,  400,  401 
worm,  green,  144,  265,  381,  395,  407 
Clovers,  303,  324,  367,  380-407,  452 
Clover  seed  crop,  estimated  annual  loss,  32 

before  production,  48 
Club  rush,  342 

-horned  beetles,  19S 
(luster-bud  spray,  586 
Clypealia,  109 
Clypeus,  109,  110,  11 

Cnemidocoptes  yallince  (see  Cnemidocoptes  Icevis). 
larvis.  822 
7nutans,  821 
Coal  tar,  262,  527,  860 
barrier,  349,  350 
creosote,  785 

dips,  774,  800.  804,  814 
Coarotate  larva,  475 

Coccidse,  188,  539,  543,  544,  603,  613,  617,  649, 
650,  652,  656,  675,  676,  677,  678,  700,  704, 
705,  707 
Coccinella  novemnotata,  57 
Coccinellidae,  54,  408,  451 
Coccus  cacti,  45 
elonyatus,  704 
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Ketpi  rid ii  in,  7(K!,  7(1 1 

{ loohineal,  85,  15 
Cochliomyia  macellaria,  59  •  .    ■  '"■ 
Coeklebur,  802,  388 
Cockroach,   American,  742,  749 

German,  742,  7  13 

Internal  anatomy,  90 

Oriental,  742,  748 
dttal  seotion  <  >  f .  80 

sperm  of,  1 3 1 
Cockroaches,  16,  28,  85,  176,  732,  742,  743,  826 
Cockscomb  elm  gall,  662,  678,  879 
on,  104,  161 

oeoropia  moth,  150 

clover-leaf  weevil,  1  BO 

Hawaiian  sugar-cane  borer,  150 

lacewing  By,  l  50 

moth,  104,  207 
( fOooona,  silkworm,  38,  30 

bagworm,  682 
Codling  moth,  111,  277,  525,  568,  669,  570,  571, 
587,  593 
predicting  hatching  of,  277,  572 
Ccelenterata,  1 1,  L55,  L60 
Colaepie,  grape,  299,  313,  31  t,  380,  385,  149 

Coins  pis  brtinnra,   1  Mi,  313,  643 
Cold,  destruction  by,  761 

i  sposure  to,  762 
Cold  light,  44,  45 

storage,  263,  750,  751 
CciUophora  fletcherella,  563 

malirorclln,  561 

phoridae,  561,  563 
Coleoptera.  160,  171,  193 

characteristics  of,  197 

economic  importance  of,  194 

synopsis  of,  19S 
Coleus,  706,  709,  7_'s 
Collards,  404-508 
Collecting  machines,  230' 
Collcmbola,  1.39,  160,  171,  173 

characteristics  of,  173 
Colletid  bees,  218 
Colletidss,  218 
Colloidal  clays,  251 

emulsiher,  653 

gums,  251 

sulfur,  2  1") 
Colloids  in  emulsions,  250 
Collum,  1-'' 

(  IlKll    life,    lsl 

Colony,  ant,  735 

termit.  ,  710 
Colopha  ulmicola,  67s,  r>79 

Colorado  potato  beetle,  J,  85,  ill,  236,  275,  471. 
472,  17:1 
early  ln>tory,    172 
spread  of,  276 
ration,  protective,  105 
warning,  105 
( !omb,  honeybee's,  lo 
Comb  horn  y,  in.  1 1 
Combinations  of  insecticides,  236 
1        bined  sprays,  I 
Commercial  bug  poisons,  211 
lime-sulfur,  2  15 


( Commercial  "ils,  542 

pine-tar  oil,  707 

value  of  Insects,  67 
( lommon  bean  weevil,  . 

biting-fly  tnoul  h  pari  ,  124 

body  louse,   320 

carpel  beetle,  746,  7 1 7 
cattle  grub,  791,  792,  793 

horse  bot,  779 

botfly,  768,  776,  777 
house  mosquito,  829 
mosquito,  828 
names,   158,   159 

red  spider,  65  1 
skippers,  209 

stalk  borer,  64,  265,  800,  337,   110,    171,  519 
Communication  of  insects,  82,  92 
Community  cooperation  for  control,  739,  743,  795 
Comparison  of  field-crop  insects,  265 
Compatability  of  insecticides,  236,  2:5S,  211 
Competition  among  insects,  69 
Complete  metamorphosis,  141,  113,  lit,  117,  152, 

193 
Complex,  boll  weevil,  54 
Complex  metamorphosis,  141  (see  Complete  meta- 

morphosis) . 
Compound  eye,  blowfly,  99 
eyes,  84,  85,  99,  109,  110 
Compounds  of  sulfur,  245 
Compressed-air  sprayer,  280,  281 
Compulsory  clean-up  measures,  272 
Comstock,  J.  H.,  164 
Concealing  form,  105 
Concrete  floors  for  stables,  859 
Conduction,  87,  96 
Cones,  olfactory,  98 
Cone-nose,  blood-sucking,  837 
Confused  flour  beetle,  733,  764,  755 
Congo  floor  maggot,  854 
Conjunctiva,  72,  74 
Connectives,  96 
Conopidae,  228 
Conotrachelus  cratccgi,  593 

nenuphar,  525,  577,  578,  579,  604,  613 
Construction  of  poultry  houses,  815,  817 
Contact  as  a  stimulus,  97 
Contact    insecticide,    aim    of,    278    (see    Contact 

poisons) . 
poisons,  229,  240,  242,  243 

best    uses,  2  12 

dilution  table,  243 

how  applied,  2 12 

table  of,  242 

price  of,  2  12 
Contamination,  avoiding,  B54 
Contractility,  KM) 
Control,  applied,  229,  230 
biological,  2:50,  268 

by  climatic  factors,  27:5 

by  natural  enemies,  -'7  1 
by  parasites,  269,  137 

by  topographic  factors,  274,  275 
chemical. 

1   of,  231 
cultural,  280,  264, 
Cent  rol   factors,  climatic,  J7i 
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Control,  legal,  230,  270 
measures,  outline,  229 

mechanical,  229,  262 
natural,  230,  273 
value  of,  270 
Control  of  grain  mi  tea,  762 
of  insects,  229   277 
of  stored-grain  pests,  7t>l 
physical,  229,  262 
support  given  to,  229 

value  of,  229 
Convergent  lady  beetle,  f>7,  its 
Cooling,  artificial,  230,  263 
( tooling  oint mentB,  8  1  8 

for  ehiggers,  8 17 
Coordination,  87,  96 
Cootie,  850  (see  Human  /»>•/»/  louse). 

Copeognatha,  182  (see  Cnrrodentia) . 

Copper  aeeto-arsenite,  236 
dusts,  478 

sulfate,  243,  261,  811 
quickly  dissolving,  26 1 

Coral  animals,    155 
Cordylobia  authropophaya,  854 

Coreids,  191,  462 
Corium,  189 
Corixidffi,  191 

Cork,  injury  to,  31 

Corn,  298-353,  357,  367,  369,  416,   122,  428, 
434,  445,*448,    153,    160,    162,    171,  478, 
511,  514,  607,  626,  627,  653,  658,  659 
broom,  326,  3  1  I 
resistant,  268 
sweet,  432 
Corn  billbugs,  300,  342 

borer,   European,  266,  300,  333,  335,  330, 
519,  717 
distribution,  334 
crop,  estimated  annual  loss,  32 
carworm,    8,    13,    265,  275,  300,  350,  351, 
381,  407,  409,  416,  423,  427.  488,  490, 

518,  698,  716 

field  ant,   12,  298,  314,  315,  316,  411,   118, 

731,  734 
flea  beetle,  326 

leaf  aphid,  63,  265,  300,  344,  378 
oil,  250 

prionus,  265,  29!) 
root  aphid,  12,  64,  138,  265,  298,  314,  316, 

519,  708 

rootworm,  Northern,  299,  310,  311,  459,  461 
Southern,  265,  299,  311,  312,    162 

-seed  beeth-s,  26."),  29S,  305 

-stalk  borer,  larger,  300,  339,  340 
lesser,  300,  338,  339 

webworm,  324,  428 

wireworm,  303,  411 
Cornea,  85,  99,  100 
Cornus,  659 
Corrodentia,  160,  171,  182 

characteristics  of,  183 

importance  of,  183 
Corrosive  sublimate,  507,  721,  728 
Corydalis  cornuta,  200 
Corythuca  arcuata,  191 
Cosmetics,  use  of  insects  in,  45 


lidflB,  208,  671,  672 
1     -1  ..1  control,  23 1 

of  dust  nit:,   1 15,  519 

of  fumigants,  253 
Costal  cell,  211 

margin,  SI 
veins,  21  1 
( 'otinia  nitida,  607 

Cotton,  315,  321,  351.  409   422,435,  IP,,  164,   17  1, 

;.i  1 

price  of,    1  1  1 
wild,    112 

Cotton  aphid,  110,  464 

boll  weevil,  411   (see  Holl  Weevil). 

bollworm,  13,  351,  107,  109,  416 

crop,  estimated  annual  loss,  32 
fleahopper,  409,  421 
goods,  746 
-leaf  bug,    109 

leafworm,  20."),  4  10,  416,  4  17,  595 
-square  borer,  409 
stabler,   140,   109 
wireworm,  411 
Cottonseed  oil,  791) 
Cottonwood,  538,  666,  672 
Cottony  cushion  scale,  57,  269,  647 

maple  scale,  862,  676 
Courtship  of  scorpions,   167 
432,  of  spiders,  166 

485,         Cows,  15,  781-797,  843  (see  Cattle). 
Cowpea  aphid,  381 

weevil,  382,  408,  734,  765 
-pod  weevil,  410 
Cowpeas,  313,  336,  338,  348,  382,  395,  396,  407, 

408,  435,  445,  452,  453,  474,  765 
Coxa,  78,  79,  80 

Crab  apple,  529,  519,  558,  560,  568,  573,  581,  583, 
711 
grass,  338 
louse,  S26,  853,  854 
Crabs,   77,   83,  162,  169  (see  also  Cro6  a pph  and 
Crab  louse). 
land,    122 
Cragg,  F.  W.,  121 
Crambiiue,  32  1 

(rambus  caliainosellus,  324,  428 
Intcolcllus,  325 
mutabilis,  325 
411,  Cranberries,  690 

flooding  for,  263 
,519         Crane  flies,  223,  227,  378       "^ 
fly,  range,  378 
("rank-case  oil,  799 
Crawfish   (see  Crayfish). 
Crayfish,  77,  83,  1(12,   168,  169,  410,  422 
Creepers,  276 

Crt  rnastogaster  lineolata,  736 
Creolin,  774,  776,  841,  845 
Creophilus  maxillosus,  196 
Creosote,  262,  689,  692,  741,  776,  815,  841 
coal-tar,  785 
crude,  527 
Creosote  barrier,  262,  349,  350 

dips,  coal-tar,  780,  800,  804,  806,  808 
for  treating  wood,  262 
lines,  262 


353, 


352, 
491. 


645, 
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ii.  B02,  B17,  823,  mi,  860 
( hrepuscular  insects,  106 
( Tresoap,  26 1 

( iresol,  '-'•">  i 

.in, 

<  !reej  tated  emulsifier,  '_'■'>  l 

j  lie  sold,  25  l 
Crioket,  :;•',.  ?s.  98,  171,  17:*,  17:.,  378 

short-u  ingedi  1 7  i 

song  of,  87 
Criokel  baits,  288 

fights,  67 

of  the  hearth,  1 7."> 
Crickets  as  food,  62 
Crickets,  camel,  17."> 

cave,  i7o 

mole,  7'.»,  17.". 

tire,  11,  12,  17.-.,   110,  637   640 
Crimson  lake,  36 
Crioceris  aaparagi,  616,  517 

duodeci m punctata,  517 
Crippled  poultry,  821 
Criterion  of  species,  157 
Crochets,  84,  206 
Crop,  89,  00,  '.»1 

Crop  remnants,  burning,  344,  368,  300,  374,376, 
420,  151,  71S 
destruction     of     (see     Destruction     of     crop 
n  siiim  g), 

residues  destruction  of,  266  (see  Destruction  of 
crop  residue.*) . 

rotations,  230,  265,  311,  323,  340,  312,  343,  348, 
358,  363,  366,  372,  374,  377,  378,  383,  404, 
K)7,   126,  432,  487,  645 
Crops,  trap,  469,  493,  503 
Crosby,  C.  R.,  474,  501 
Cross-pollination,  205 

-striped  cabbage  worm,  501 
Croton,  421,  640,  704,  706 
Crown  borer,  strawberry,  641 

girdler,  strawberry,  641,  644 
Crows,  310 

Crucifene,  494-508,  513 
Crude  creosote,  527  'see  Creosote). 

oils,  250,  700,  832 

pi  troleum,  250,  799,  SOO,  822,  823 
Crumb,  S.  i:  ,    129 
Crumpler,  leaf,  523,  560,  561 
( !rushing,  687 

machines,  230 
Crustacea,  15,  51,  160,  162,  169,  122,  728,  770 

characteristics  of,  169 
Cryolite,  238 
Cryptocerata,  I'M 
Cryptorhynchut  lapathi,  661 
Ctenidia,  121 
(  (,  in,,-,  pha/ii*  f.  Ha,  839 

Cubical    contents,    how    to    determine,    251,    255 
Cubital  cells,  21 1 

veins,  21 1 
Cubitus  189 
Cuckoo  bees,  2 19 

IPS,  -Ms 

Cucujidse,  7.V) 

Cucumber,  132,  134,  136,  142,  h:.,  1  it;,  458  470, 
193,  709,  711,  712,  729 


387, 
593, 


636 


'    iicuml.er,    R  ild,    166 

( !ucumber  beetle,  -potted,  i  i,  311,  31 
380,  108,  1 19,  t:, t,  158,  159,  461 

striped,   II,   IN,    168,  459,   ICO 

western,  1  •".'.» 
mosaic,  159 

(  'uciirl.it    wilt,    I  I,    159 

Cuourbits,  458  470,  513 
Culez,  832 

mosquito,    S28 
CuUx  <pi  1  nipn  fasciatu.-,   2  1,   S20 
tirritaiis,  larva  of,    1  16 

Culicide,  227,  828,  834 
Culicoidea  guttipennis,  835 

Cultivation,    317,    327,    550,    550,    593,    000,    003, 
605,  610,  027 

clean,  266,  338,  330,   137,   170,  539,  553,  580, 
013 

effect  of,  264 

spring,  646 

summer,  557,  594 
Cultural  control,  230,  264,  200,  482 
Curculio,  apple,  525,  570,  581,  5S2 

clover  root,  265,  380,  381,  382,  383,  407 

plum,  577,  604,  613  (see  Plum  curculio). 

quince,  593 
Curculionidse,  199,  340,  342,  359,  382,  385, 
390,  411,  412,  480,  480,  533,  558,   577, 
604.  613,  643,  644,  723,  753 
Curly  dock,  476,  477 

-leaf  disease,  14,  512 
Currant,    539,   543,  544,  552,  502,   018,  631 

677 
Currant  aphid,  631,  634,  635 

borer,  631,  632 

sawfly,  imported,  631,  633,  636 
Cushion  scale,  cottony,  57,  200,  til 7 
Cuticula,  72,  93 
Cuticular  lining,  91 
Cutting  underbrush,  847 
Cutworm,  black,  321,  322,  428 

bronzed,  322,  323 

clay-backed,  322,  398,  429 

dark-sided,  429 

dingy,  397,  429 

glassy,  321,  323 

pale  western,  322,  354 
and  weather,  277 

spotted,  321,  323,  429 

variegated,  205,  323,  307,  308,  428,  490 

western  army,  308 
Cutworm   baits,  238 

injury,  428 

outbreaks,  prediction  of,  277 
Cutworms,  200,  321,  322,  323,  35  1,  378,  381,  397, 
410,    123,   428,    131,    150,    158,    183,    Is?.  490, 
510,  00S,  716 

climbing,   188,    100 

effect    of  weather  on,   277 

Cyanide,  calcium,  .  Calcium  cyanide). 

potassium,  256,  257 

:    im,  256,  257 

Cyanophyllum  scale,  7o l 

Cyclamen,  704,  725,  729 

mite,  698,  725 

weevil,  723 
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Cyelontda  munda,  57 
Cyclop*,  k.j 
Cyelorrhapha,  326,  227 
Cydnida,  oil 
Cuius  formicaritu,  188 
Cylinders,  283,  284 
Cyllene  robiniai,  667,  668 
( '>  in piclif,  218 
c  v  perua,  313 
Cytoplasm,  133 
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Daddy-long-legs,  162,  168 

Dahlias,  338,  478,  514 

Daily  ooattering  of  manure,  859 

Daisies,  400   428 

Dalmatian  insect  powders,  211 

Dampingrofi  disease,  730 

Damsel  bugs,   191 

Damsel  flies,  171,  179 
Danatu  archippua,  64,  203 

Dandelion,  476 

Danger  from  fumigants,  253 

from  uncooked  meats,  865 

from  uncooked  vegetables,  855 
Dangerous  spiders,   164 
Dark  meal  worm,  733,  756 
Darkened  stables,  772,  783,  810 
Darkling  beetles,  198 

Darning  needles,  devil's,  54,  176  (see  Dragon  flies) . 
Dark-sided  cutworm,  429 
Dasyneura  leg u mini cola,  405,    106 

rhodophada,  719,  720 
Datanti  intci/erri  mti,  685,  686 

ministra,  566,  567 
Date  of  seeding,  268,  363 
Davis,  J.  J.,  309 

Daw  bugs,  308  (see  also  May  beetles). 
Dead  insects,  760 
Death,  feigning,  342,  511 
Deathwatches,  182 
Decapoda,  422 

Deciduous  fruit  insects,  520-646 
Deepening  streams,  834 
Deer,  769,  784,  789,  808,  843 

flies,  767,  768,  825,  835 
Defective  sewage,  869 
Deguelia,  252 
Dehorning,  797 
Dehydration,  23« 
Deitz,  Harry  F.,  700 
DeLong,  D.  M.,  477 
Demodex  follicular um  bovis,  788 

suis,  801 
Demodicidse,  788,  801 
Dendroctonus,  661 
Dengue,  24,  829 
Depluming  mite,  813,  822 
Defrressaria  heracliana,  509 
Depth  of  insects  in  soil,  65 
Deraeocoris  fasciolus,  structure  of,  189 
Dermacentor  andersoni  (see  Dermacentor  venustus). 

electus,  791,  842 

venustus,  24,  842,  844 
Dermucentroxinus  rickettsi,  24,  843 


l>.  I  miUll/SHUS  gaUino. ,    -^1    I,   X14 

I ),  i  in  ,|.i.  ra,  160,  171,  177 

characteristics  of,   177 
Dermatitis,  846,  847 
Dermatobia  cyaniventria,  364 
Dermaiophilua  penetrant,  841 
Dermeatea  lardariua,  760 

vulpinus,  7.'i3 

1  tormestidn,  750 

Dermis,  72 

Denis,  242,  252,  445,  662,  712,  808,  Ml 

Destruction  by  cold,  761 

by  hand,  220,  262,  427,  436,   164,   168,  475,   190, 

603 
by  heat,  70  1 
of  breeding  places,  772 
of  crop  residues,  230,  266,  336,  358,  365,    103, 

414,420,421,427,463,  164,  168,  169,  ISO, 

486,  494,   198,  506,  573,  640,  643 
remnants,   (see  Destruction  of  crop  residues) . 
of  eggs,  503 

of  fallen  fruit,  580,  586,  594,  805,  613 
of  filth,  814,  S20,  Ml 
of  plant  refuse  (see  Destruction  of  crop  ret 
of  rodents,  N  l.~. 
of  rubbish,  464,  572 
of  "suckers,"  426 

of  trash,  230,  426,  5S2,  821,  625,  629,  817,  832 
of  volunteer  plants,  230,  362,  360,  370,    103. 

486,  516 
of  weeds,  230,  326,  337,  304,  397,  421,  437,   140, 

445,  447,  4S1,  494,  498,  503,  510,  511,  51  1, 

519,  539,  612,  714 
of  water  sprouts,  658 
Development  and  growth,  87 
of  alimentary  canal,  91 

of  fore-intestine,  91 

of  hind-intestine,  91 

of  insects,  130,  134 

of  mid-intestine,  91 

of  proventriculus,  91 

of  wings,  81 

post-embryonic,  135 

with  gradual  metamorphosis,  139 

with  simple  metamorphosis,  139 

without  metamorphosis,  139 
Devil,  hickory  horned,  18 

Devil's  darning  needles,  64,  176  (see  Dragonfliea) , 
Dewberry,  639,  643 
Diubroticn  duodccimpunctnta,  311,  312,  358,  461 

long  i  cor  ti  is,  310,  311 

trivittata,  459 

vittata,  459 
Diacrisia  virgin  ica,  441 
Dialeurodes  citri,  657 

citrifolii,  ti.">7 
Diamond-back  moth,  494,  500 
Diaphania  hi/aliniata,  470 

nitidalis,  468 
Diarrhoea,  24,  855,  856 
Diarthronomy  ia  hypogcea,  718 
Diaspidinse,  700 
Diaspis  boisduvalii,  701 

echinocacti,  701 
Diastrophus  nebulosus,  9 
Dintrwa  zeacolella,  339,  340 
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Diohloride,  ethj  lene,  260 

Dicht'iiu  ris  liijtth  ll(}, 

Dicypktu  m  i  >t  i  in  us,  i .'  i 

Didea  faaciata,  58,  85 

Diet,  insect,  88 

Differential  grasshopper,  328,  329,  no 

Different-jointed  beetles,  L98 

Diffusion,  88 

Digestion,    7,  88 

Of  cellulose,  88 
of  wood,  SS 

of  wool,  88 

I  )igesti\e  ni/y  mes,  SS 

system,  80 

tract,  fumigating,  780 

u  asp.  larva,    1  M> 

Digger  vrasps,  212,  218 

Dilator  muscles  of  pharynx,  122 

Dill,  510 

Diluent  for  nicotine,  2  I  I 
Dilution  table  for  contact   poisons,  243 
for  lime-sulfur,  247,  248,  249 
for  stomach  poisons,  235 
I  Kmorphism,  448 

of  chinch  bug,  3  Is 
Dingy  cutworm,  3!>7,  429 
Diplopo.la,  7.".,  160,  162,  164,  434,  727 

characteristics  of,  1 6  I 
Dipping   animals,    550,    706,    72"),   774,   785,    787, 
791,  799,  800,  805,  806,  808,  815,  821,  822, 
845 
Dipping,  care  of  animals  after,  799 

vat,  800 
Dips,  arsenical,  785,  791,  811,  814 

coal-tar,  774,  800,  804,  814 

creosote,  780,  804,  806,  808 

nicotine,  785,  808 
and  sulfur,  806 

standard  arsenical,  775 

stock,  237 

sulfur,  808 
Diptera,  160,  171,  222,  225 

aquatic,  51 

characteristics  of,  226,  227 

synopsis  of,  227 
Dipterous  subtype  mouth  parts,  124 

nozzles,  287,  288 
biscal  ceils  21 1 
Discharge  pipe,  283 
Discoidal  cell,  211 
Disease,  Chagas,  21,  838 

curly-leaf,   1  1,  512 

damping  off,  730 

Isle-of-Wight,  167 

lettuce  drop,   730 

tsutsugamushi,  24 
wilt,  500 

[Tiers,  225 

organisms,  methods  of  transmission,  23 
transmission,  784 
nimal,  22 

bacterial,   230 

fungous,  230,  387,  156 

buman,  estimated  annual  (OSS,  33 
insect,  230 

mosaic,  1  t.  1 12,  178 


I  'I  IIMIHCH    f)f    ('Henhouse    plan'     ,    7Q8 

of  insects,  805 

protozoal,   280 

'urino-genital,  x> 

Use  of   insect  ,   270 

Disgorging  pin,  288 
Disinfecting,  776,  787,  801,  806, 
I  usinfeotioo  by  stes  m,  - 
Disking,  331,  356,  451,  580 

Disoin/rhn  su  iilluim,  I, rim ,    138,    130,  510 

Dispersal  of  grain  weevils,  7".:( 

of  houseflies,  858 
Disposal  of  excreta,  850 

of  garbage,  868 

Of  mangy  animals,  801 

of  manure,  772,  850 

of  sewage,  S59 

of  wastes,  859 
Dissosteira  Carolina,  330 
Distillate  oil  emulsions,  250,  251,  655 
Distinguishing  characteristics  of  insects,  S5,  106 
Distorsion  of  head,  109 
Distribution  of  cotton-boll  weevil,  413 

of  European  corn  borer,  331 

of  periodical  cicada,  534,  535 

of  spray,  289 
Diving  beetles,  predaceous,  79,  198 
Division  of  labor,  74,  77 
Dobson  flics,  35,  171,  200,  201 
Dock,  333,  464,  515 

curly,  476,  477 
Docking  of  lambs,  811 
Docophorus  icterodes,  812 
Dog-day  cicada,  118,  534 
Dog  flea,  148,  797,  825,  839,  840 

tick,  782,  788,  791,  825,  842 
Dogs,  769,  771,  775,  777,  796,  801,  817,  839,  843, 
849,  853 

treatment  of  infested,  841 
Dogwood,  659,  675 
Dolerus  arvensis,  373 

collaris,  373 
Dolichopodidaj,  227 
Domestic  animals,  767-823,  842,  845,  856 

mammals,  838 
Donkey  insects,  767-780 
"Doodle  bug,"  201 
Dormant  spray,  586 
of  lime-sulfur,  249 

spraying,  676 

strength  lime-sulfur,  248 
Dorsal  arista,  222 

stylets,  122 
Dosage  for  fumigants,  253,  251 

for  greenhouse  fumigation,  257 

for  insecticides,  235,  213 
Dorsum  of  mesothorax,  222 

Double-acting  tank  pumps,  281,  282 
Dove,  w    i:  .  780 

Downy  woodpecker,  food  of,  50 

Draossna,  706 

DrcBculaeephala  moKtpss,  nymph  of,  l  to 

Drag,  brush,  390, 

Dragonflies,  54,  :»:.,  B2,  171,  179 

compound  eye  of. 

Dragonfly,  nymph  of,  l  in 
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Draining, 

ditehes,  832 

pools,  832 

swamps,  77(),  332 
I  trains,  832 

DrasUriua  elegant,  304 

Dressings  for  mange,  770 

Dried  beef  in  baits,  750 
fruits,  755,  700 
treatment  of,  702 

insects,  7  16 
plants,  745,  754 
roots,  700 
Drifting  insects,  692 

1  krone  honeybee,   131 

Drones,  211 

Droaophila,  07, 

1  Irosopbilidss,  228,  i 

Drugs,  31,  745,  754 

Drug-Store  beetle,  31,  424,  732,  745,  7  Mi 

Dry  lime-sulfur,  242,  243,  245,  247,  241),  713 

storage,  752,  772 
1  trying  of  soil,  721 

streams,  834 
Dryinid  wasps,  2 is 
Dryinids,  218 
Dry-mix,  New  Jersey,  245 
Dryophanta  gall,  9 
Dryophanta  lanata,  9 
Duck  lice,  chewing,  812 

louse,  squalid,  S12 
Ducks,  818 
1  hict,  ejaoulatory,  102 

salivary,  90,  118 
Dudley,  J.  E.,  457 
Dung,  scattering  of,  7s:> 

-feeding  beetles,  783 
Dust,  202  (see  also  I)us(s). 

tobacco,  242,  717,  720  (see  also  Nicotine  duals). 
Dust  baths,  S20 

lice,  182 

poisoning,  415 

scales,  204 
Dusters,  bellows,  293 

blower,  292 

characteristics  of  pood,  201 

engine-driven,  294,  205 

Held  crop,  233 

hand,  291,  292 

hand-blower,  202 

home-made  shaker,  291 

orchard,  295 

plunger,  292 

puff,  293 

two-horse,  293 

traction,  293,  294,  457 

trailer,  296 

vineyard  traction,  29  1 
Dusting,  290,  327,  416,  429,  445,  447,  470,  474, 
490,  708 

aim  in,  240 

airplane,  296,  415,  605,  832 

cost  of,  415,  519 

history  of,  278 

pinch  method  of,  821 
Dusting  apple  trees,  295 


Dusting  clothing  for  ohiggers,  B46 
for  mosquitoes,  207 
grapes,  29  I 

machinery,  200 
r*  tehee,  200,  207 

potatoes,   293 

sulfur,   lis,   121,   110,   153,  510,  713,  715 

tobacco,  717,  720 

with  nicotine,  296 

with  sulfur,  8  16 

PS.  spraying,  200 
Dusts,  005 

copper,  478 

electrical  charge  of,  207 

nicotine,  241   (see  Nitotine  ilttst.s). 

sulfur,  245,  418,  421,  149,  153,519,713,715,846 

timing  of,  27S 
Dusty  furrows,  262,  320,   137 
Dyes,  insect,  35,  43 

aniline,  45 

tatooing,  46 
1  lyeing,  use  of  insects  in,  45,  46 
Dysdercua  suterellu*,  1 10,  409 
Dysenteries,  S50 
Dysentery,  amoebic,  855 
DytiscidsB,  198 
Dwellings,  insects  in,  701 


E 


Early  harvesting,  372 

legislation  against  grape  phylloxera,  270 

planting,  267,  339,  34  1,  415,  110,  120,  169,  512 

varieties,  415,  451,  609 
Ear  nets,  770 

tick,  spinose,  791,  81  1 
Ears  of  grasshopper,  OS 

of  insects,  76,  78,  70,  '.is 

ticks  in,  791 
Earthworms,  00,  75,  155,  730,  770 
Earwig  baits,  23S 
EarwigB,  171,  177,  178 
Earworm,    corn,    350,    416,    427,    490    (see    Corn 

earworm) . 
Eastern  tent  caterpillar,  521,  565,  566 
Eccoptoyaster  (see  Scoli/tus). 
Echidnophaga  yallinacnr,  817 
Eehidnophagidae,  221 
Echinodermata,  154,  155,  100 
Echinoderms,  15 

Economic  importance  of  orders,  171,  17S,  179, 
180,  182,  184,  185,  1S8,  190,  193,  197,  202, 
208,  220,  221,  227 

loss  by  insect-borne  diseases,  33 

loss  from  malaria,  827 

status  of  parasites,  54 
Ectoparasite,  53 
Eczema,  853 

Eel  worms,  700,  728,  729 
Effect  of  dry  weather  on  insects,  277 

of  freezing  on  sheep  tick,  804 

of  fumigants  on  plants,  253 

of  parasitism,  17,  19 

of  soil  on  insects,  274 

of  sulfur  fumigation  on  grains,  762 

of  sunshine  on  flight  of  insects,  274 


/  \  hi:\ 
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Effect  of  temperature  on  codling  moth) 
nf  temperature  on  insects,  27  I 
of  Tea  i-  fever  tick  on  agricultural  development 

7^s 

df  weather  on  cutworms,  -77 
uf  weather  mi  inaeots,  277 
Efferent  neuron,  96 
Egeet ion,  s7,  68 
Egg,  m-.ci,  133,  152 

masses  "f  brown-tail  moth,  694 
nf  oot  tony  maple  scale;  876 
of  fruit-tree  leaf  roller,  676 
nucleus,  L33 
parasites,  .v»,  60,  320 
•parasite  w  asps,  218 
punctures  of  plum  curoulio,  678 

■  k  of  orthesia,  707 
shell,  133 

stage,  length  of,  139 
-laying,  injury  by,  11,  537,  538 
Egg  of  hut  fly,  794 

of  chestnut  weevil,  136 
of  grasshopper,  328 
of  honeybee,  136 

of  horse  botfly,  136 

of  periodical  cicada,  1 1 ,  12 

of  plum  curculio,  1 36 

of  snowy  tree  cricket,  639 

of  strawberry  weevil,  11,  12,  130 

of  termite,   136 

of  tree  cricket,  1 1,  12 

of  treehopper,  1 1,  12 

of  twig  girdler,  11,  12,  138 
Eggplant,  302,   }_'.'.,  445,  448,  462,  404,  472,    171, 
470,  478,  480,  481,  488,  502,  513 

flea  beetle,  438,  440 
I  Iggahell,  101 
Eggs,  101 

destruction  of,  503 

how  to  recognize,  131 

insect,  as  food,  51 

method  of  depositing,  130 

number  of,  130 

size  of,  130 

transmission  of  disease  through,  25 
Eggs  of  aphid,  546 

of  apple-seed  chalcid,  132 

of  asparagus  beetle,   132 

of  caddioe  fly,  132 

of  cattle  grub,  7'.t  1 

tick.  789 
of  Chlaenitu  tricolor,  132 
of  codling  moth,  568 
of  common  horse  botfly,  777 
of  European  corn  borer,  336 
of  fall  army  worm,  132 
of  grasshoppers,  -i2s,  :>92 
of  ground  beetle,  L32 
of  harlequin  bug,  b52 
of  heel  fly,  794 

of  //  rpunetata,  132 

of  honeysuckle  miner,   I  32 
of  horse  bote,  777 
of  insect.-.,  131,  132 
of  Japanese  beetle,  132 

Of   katydid,    132 


EggS  of  lacew  [ng  fl\ 
Of  lip  I. Mills    ,777 
of   l.illun  nlh  I, x  JrniJili  lid,    1.52 

of  little  red  louse,  182 

of  malarial   mosquito,    1-12 
of  May   Hy,    182 

of  i'rrin  immarginata,  132 

of  poultry  louse,    132 

Of  snowy  tree  cricket ,    1  '.',J 

of  southern  green  plant  bug,  I  12 
of  squash  bug,  1 32 

of  stone  fly,    b'i2 

of  tent   caterpillar,    132,  566 

of  throat  botfly,  777 

of  water  scavenger  beetle,  I 

of  white-marked  tussock  moths,  689 

of  yellow-necked  caterpillar,  567 
Einkorn,  359 

Ejaculatory  duct,  90,  102 
Elaterida?,  45,  198,  303,  355,  432 

Elastnopalpus  lignosellus,  338,  339 
El  debab,  769 
Elder,  black,  632 
Electric  arc,  45 

fan,  860 
Electric-light  bugs,  10,  100,  827 
Electrical  charge  of  dusts,  207 
Electricity,  use  of,  230 
Eleodes  letcheri  vundykei,  357 

upaca,  356 

suturalis,  356 
Elephantiasis,  24,  829 
Elevating  threads,  105 
Elevators,  761 
Ellaphidion  villosum,  664 

Elm,  538,  550,  555,  557,  558,  573,  625,  660,  070, 
675,  677,  678,  680 

borer,  661,  669 

gall,  cockscomb,  002,   678,  079 

leaf  beetle,  662,  680 

sawfly,  111 

scurfy  scale,  675 
Elytra,  194 
Embioptera,  171 
Embolium,  189 
Embryology,  135 

Embryonic  condition  of  head,  108 
Emergence,  139,  536 
Emesids,  191 
Emmer,  359 
Btnpoa  rusae,  552 
Emputisca  fabae,  475,  552 

maligna,  55  2 
Emulsifier,  colloidal,  053 
Emulsifiers,  250 
Emulsion,  250,  G  15 

Bordeaux-oil,  492,  514 

carbolic-acid,  656 

carbon  bisulfide,  258,  607 

cold-mixed,  250 

crude-oil,  249,  250 

distillate-oil,  250,  251,  655 

kerosene,  2)2.  243,  250,  251,  559,  720,  781 

lubricating-oil,    250,    542    (see   Lubricating   oil 

I    til  Ills,,,! 

Oil,  250     -•  i    (til  i  muls,, 
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Emulsion,  refined  oil,  .">i.~>,  | 

summer  oil,  I 

white-oil, 
Enoouragemenl  of  natural  enemies,  368 
Endoparasite,  63 
Enemies,  control  by  natural,  275 

fungous,  668 

insect,    1 

natural,  encouragement  of,  368 
introduction  of,  208 
End-organs,  taste,  1 1  3 

\  isual,  09 
Endoskeleton,  72,  7:5 
Energy  of  insects,  87 
Engine-driven  dusters,  201,  295 

sprayers,  -'s- 
English  elm,  080 

grain  aphid,  365,  355,  369,  370,  377 
louse  (sec  English  grain  aphid). 

sparrow,  270,  815 
carrier  of  mites,  815 

walnut,  568,  651,  652 
Engraver  beetles,  199 
Ensign  wasps,  218 
Ensiling,  336 
Entomophagous  insects,  52 

parasites,  53,  59 
Entomostraea,  51 
Ensymes,  88,  92 
Epargyreua  tityrua,  207 

Ephemera  rand,  178 

Ephemerida,  177  (see  also  Epkemeroptera) . 
EphemeridsB,  51 
Ephemeroptera,  160,  171,  177 

characteristics  of,  177 
Ephettia  httehnitila,  759,  760 
Epicaerus  imbricatus,  533 
Epicauta  rnaryinata,  392 

pennsi/lvanica,  474 

rittata,  474,  475 
Epicranial  arm,  109 

stem,  109 

suture,  94,  109 
Epicranium,  108 
Epidemics  of  bubonic  plague,  839 

of  typhus  fever,  850 

of  yellow  fever,  828 
Epidermis,  72 

Epilachna  corrupta,  408,  451 
Epimeron,  189 

Epipharynx,  110,  112,  113,  120,  121 
Episternum,  189 
Epitrix  cucumeriti,  424,  438,  440 

fuscula,  438 

parvula,  424,  438 
Equilibrium  of  insects,  78 
Eradication  of  pink  bollworm,  419 
Ergot,  88 

Erinose  of  tomato,  488 
Eriocampoides  lirnacina,  616,  617 
Eriophyes  cladophthirus,  488 

oleivorus,  658 

pyri,  590,  591 
Eriophyidse,  590,  658 
Eriosorna  laniyerum,  550,  551 
Erotylida;,  400 


Erythruniura  cornea,  637,  628 
I  !rj  sipelas, 

pe  from  enemies,  1<).~> 

itiaJ  nosi 
Establishment  of  p  270 

EsttyinifLi-  OCTOM,  4  1  1 

Estimates  Of  damage  to  various  crops,  32,  33 

Estimating  insect  injury,  277 

Ethyl  acetate,   360 

alcohol,  239 
Ethylene  dichloride,  360 
Etiella  rinckeneUa,  1 1'.» 

Eucalymnatits  ti  \s.s<  llatua,  70-1 

Euoalyptus,  649,  651 
Euoleida,  208 
EuoosmidsB,  450 
Euglena,  155 

Eulecanium  niyrofa.tciatum,  603,  604,  677 
Etllia  relutinana,  525 
Euinenidae,  218 
Eunuru.s  atriffotus,  722 
Eumicrosoma  benifica,  61 

European  corn  borer,  266,  300,  333,  335,  336,  353, 
519,  717 
eggs,  336 
distribution,  334 
spread  of,  334,  335 

earwig,  13S 

ground  beetle,  56 

linden,  660 

mountain  ash,  660 

ox-warble  fly,  791 

pigeon  bug,  823 

rcl  mite,  523,  554,  555,  613 
Eurosta  solidayinis,  9 
Euri/t/ius  eurytheme,  393 
Euschistus  serrus,  424 
Eutcttix  ti/ullus,  512 
EuXOQ  imssoria,  429 

Evacuation,  88 
Evaniidse,  318 
Evening  primrose,  421,  645 
Even-span  greenhouse,  255 
Everycstis  rimoaalia,  501 

straminalix,  501 
Evergreen  trees,  681 
Evergreens,  600,  693 
Eversible  glands,  104 
Eversion  of  wing  pads,  151 
Evolution,  153,  154 
Ewing,  H.  E.,  846 
Exclusion,  mechanical,  229 
Excreta,  disposal  of,  859 

of  insects,  66,  88  . 
Excretion,  87,  93 
Excretory  system,  90 
Exhalation,  95 
Exoskeleton,  71,  72,  73,  104 
Extension  rod,  281,  283,  286 
External  genitalia,  101 

use  of,  in  classification,  101 

morphology  of  insects,  69-86 

parasites,  19,  192 
Extract  pyrethrum,  2  1  1 
Exuviffi,  145,  170 
Eye,  insects  invading,  15 
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.  compound,  84,  BS,  99,  LOO,  1 1(> 

.sin.pl.-,  84,  B6,  100,   lu'i 
of,  90 


Facet,  35,  99 

Facultative  parasite,  •">.{ 

Fall  army  worm,  182,  265,  200,  808,  110,  435,  486 

oankerworm,  •">-•'<,  557 

cultivation,  608 

migrants,  1 1 1 

plowing,  824,  331,  340,  842,  M2,  883,  415,  416, 
151,  100 

vrebworm,  624,  564,  663 
Fallen  fruit,  destruction  of,  580,  586,  604,  605,  <n:{ 
False  bud  worm,  L23,  427 

wireworms,  265,  354,  356,  .'<.->7 
Family,  156,  161 
Fan,  electric,  860 
fannia  eanieularit,  8  56 

sralaris,  So 5 
Farm  practices,  230,  264 
Fat,  92,  83 
Fat  body,  92,  93,  84 

cells,  02,  96 
Fatality  of  Rocky  Mountain  spotted  fever,  842 
F< -ar  of  insects,  16,  54 
Feather  mite,  811,  815 

pullimr,  822 
F«  athers,  746,  748,  750 
Federal  horticultural  board,  271 
Feeders  on  plants,  268 
1 ".  eding  of  chigger,  846 
Feelers,  82 

Feigning  death,  342,  511 
Ftitia  gladiaria,  322,  398,  429 

subgothica,  398,  429 
Female,  oviparous,  316 

ovovivi parous,  316 
:        ile  gamete,  i*i 

insects,  100 

reproductive  organs,  102 
I  ■       iles,  wingless,  682 
Femur,  7s,  79,  80 
F.rn,  702,  703,  704,  706,  716 

caterpillar,  Florida,  698,  716 

scale,  702,  703 
F<  rrets,  849 

lization,  47,  101,  131,  134,  550,  600,  670 
Fertilizer,  insects  as,  36 

lizers,  use  of,  415 
Fertilizing,  230,  631,  603 
r,  breakbone,  829 

cattle,   24,   788    (see    '/',,/.   /.  ,  ,  r    . 

malaria,  24 

Rocky  Mountain  spotted,  24,  25,  33,  842 

splenetic,  24,  788 

spotted,  842  (see  Rocky  Mountain  tpotted/i 

swamp,  771 

.  24,  788 
tick.  23,  24,  788 
trench,  852 
typhoid,  24,  856,  856 
typhus,  24,  850,  852 
yellow,  24,  828 


Fevet  tick,  Rocky  Mountain    potted,  10,  24,  :.'"<, 

I '.7,  /01,  811,  825,  842,  844 
is,  782,  788,  780,  7'mi 
i  i  i  •  rs,  relapsing,  886 
i       rs,  muscle,  loo 

in  r\ .-,  97 

Fieus,  703,  704 
Fidia  i  iticida,  <>i-'2 

Field  ant,  corn,  12,  208,  314,  816,  316,  ill,  lis, 
645,  731,  734 

bee,  io 

crop  duster,  203 

insects,  266,  298-430 

keys  (see  Table  of  Content*,  xi,  xii). 
Fifteen-spotted  lady  beetle,  68 
Fig,  40,  r,o,  640,  651,  652 

Smyrna,  '.',.') 
Fig  insect,  48,  49 

wasp,   19 
I  ilaria,   155 

Filaria  bancrofti,  24,  829 
Filariasis,  24,  769,  829 
Filariidae,  829 
Filiform  antenna,  83,  84 
Filth,  destruction  of,  814,  820,  841 
Fiorinia  fwrinia,  703 
Fir,  678 
Fire  ant,  298 

blight,  13 

-boiled  lime-sulfur,  245 

bug,  501  (see  Harlequin  bug). 
Firebrats,  172 
Fireflies,  45,  67 
Firefly,  35,  45,  196,  198 
Fish,  silver-,  172,  744  (see  Silver  fish). 
Fish  bait,  insects  as,  35,  769 

nets,  202 

oil,  250,  262,  770,  772 

soap,  242,  243,  251,  252,  445,  464,  468,  497, 
611,  614,  635,  650,  703,  706,  709 
potash,  251,  252 
rosin,  621 

poisons,  252 
Fishes,  44,  155 

food  of,  51 
Fishmoths,  139,  172 
Flagel,  211 
Flagellum,  83 
Flake  lac,  44 
Flannel  moth,  18 
Flat  bugs,  837 
Flat-headed  apple-tree  borer,  521,  526 

borers,  526,  660,  664 
Flat  worms,   156 
Flax  seeds,   359 
Ilea,  70,  121,  817,839,  841 

cat,  825,  839,  sld 

chigoe,  825,  841 
dog,  825,  839,  sin 
hog,  802 
human,  707,  839 
southern  chicken,  81  2,  817 
sticktiirht,  221,  812,  817 
Flea  beetle,  cabbage,  326,  440,  194 

corn,  326 

eggplant,  438,  1 10 
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beetle,  grape,  619,  624 

bone  radish,  438,  139,  i  id 

pale-striped,  398,  302,  303,  139 

potato,  1 11,  438,  i  id 

sinuate-striped,  438,  i  id 

smartweed,  336,  439 

spinach,  65,  438,   139,   IK),  509,  510 
m  berrj  ,  •  >  1 1 ,  645 

striped  cabbage,  438,  440,  mi 

sweet-potato,  326,  138,  183,  485 

tobacco,  423,  424,  125,  438,  I  10 

toothed,  326 
beetles,  13,  64,  299,  325,  437,   158,  171,  188 
larva,   1  18 
soaps,  8 1 1 

weevil,  apple,  523,  558 
Pleahopper,  cotton,  409,  421 
garden,  445,  446,  450,  712 
Fleas,  19,  24,  125,  171,  220,  817,  825,  839,  840 
Flesh  flies,  22,  22S,  826,  854,  855 
Flies,  115,  171,  222,  227,  228 

black,  Hi,  227,  767,  772,  781,  783,  7'.)7,  S02,  811, 

825,  832,  833 
blood-sucking,  221 
blue-bottle,  22 
bot,  223  (see  Botflies). 
oaddiee-,  51,  202 
cherry-fruit,  615,  616 
crane,  22:5,  227,  378 
deer,  767,  768,  825,  835 
flesh,  22,  22S,  826,  854,  855 
food  of,  22  I 

fruit,  226,  228,  265,  615,  826,  854 
golden-eyed,  .">."> 

horse-,  768  (see  Horseflies), 

bouse,  855  (see  House  flies). 

lace-winged,  55,  104 

May-,  51,  66,  177,  178 

poison  baits  for,  239 

root-maggot.  826,  854 

stone-,    132,   M0,   171,  180 

syrphid,  57,  58,  222,  22S,  443,  548,  708 

taohina,  59,  00,  228,  318,  320 

tsetse,  23,  24,  130 

Flies  and  army   worms,  tit) 

feeding  habits  of,   126 
Flight  and  sunshine,  27  I 
Flooding,  230,  263,  518,  631 
Floor  maggot,  Congo,  854 
Flora,  change  in,  264 
Florida  fern  caterpillar,  698,  716 

red  scale,  647,  650,  701 
Flour,  746,  754,  759 
Flour-beetle,  confused,  733,  754,  755 

rust-red,  733,  73  1 

mites,  733,  752,  825,  848 

moth,  Mediterranean,  734,  759,  760 

sacks,  757 
Flower  flies,  54 

thrips,  123,  654 
Flowering  plants,  610 
Flowers,  7  17,  750 

estimated  annual  loss,  33 

imitation,  42 

wind-pollinated,  46,  47 
Fluctuation  of  parasites,  269 


Flucl  nation  ol    | 

Fluid,  moulting,  ''-' 

Fluke,    CI.,     l,-)l 

I  lukes,  I 

Fluoride,  sodium,  234,  237,  7:S7,  712,  741,  773,  771. 

77.".,  785,  808,  820 
Fluosilioate,  calcium,  238,  717 

sodium,  238,  453,   17.". 
Fluosilicates,  234,  238 

Fly,  bee,  226 

biting  house, 

black,  832  (see  Black  j' 

bomb,  782,  791,  792,  794 

bot  ,  776,  791,  808,  B5  I  (see  tt»tjlu). 

carrot  rust,  509,  514 

chm,  768,  776 

Dobson-,  200  (see  Dobson  fly). 

European  ox-warble,  791 
fire-,  45  (see  Firefly). 

forest,  768 

green  bottle,  781,  803,  810 

heel,  781,  791,  792,  793,  794 

Hessian,  265,  274,  3.".  I,  359,  363,  .!77,  :;7s 

date  of  seeding  to  escape,  363 
horn,  782 
house,  855  (see  House  fly). 

compound  eye,  of,  85 

strength  of,  70 
human  bot,  85  1 
latrine,  826,  855 
lesser  bulb,  600,  722 
lip,  768,  776 
little  house,  S26,  855 
louse,  802,  803,  804 
marguerite,  699 
narcissus  bulb,  699,  721 
Northern  ox-warble,  7S2,  791 
ox-warble,   15,  791 
pomace,  36,  67,  22S,  855 
range  crane,  378 
robber,  52 
scorpion,  201 
screw  worm,  22,  239,   7S1,  795,  796,  798,  S02, 

803,  s;>:> 

sheep  nose,  803,  808 

Spanish,  35,  45,  S_'7 

stable,  16,  120,  121,  767,  770,  771,  7s  I,  783,  797, 
802,  825,  S35 
and  horse  botfly,  138 

striped  ox-warble,  781,  791 

taohinid,  60,  3 is,  320 

teneral,  si 

thick-headed,  226 

trypeted,  226 

tumbu,  22,  854 

white-banded  cherry  fruit,  226,  615 
Fly  larvae  in  the  body,  S55 

mouth  parts,  1  19  -121 

nets,  263,  770 

papers,  239 

poisons,  244 

protectors,  780 

traps,  263,  860 
Fcetal  membranes,  135 
Follicle  mite,  7S1,  788,  798,  801 
Follicles,  testicular,  101 
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5,  50,  81 
ii>r  bees,  Is 
-infesting  insects,  27 
of  birds,  276 
of  BsheSi  6 1 
of  Bies,  224 
of  harvest  man,  L69 
of  nestlings,  276 
nf  termites,  I s-' 

sd  t"<>r  young,  216 
i  ood  ohannel,  1 17,  L20,  121,  126,  127 

•  I-,  breakfast ,  769,  760 

•  of  insects,  78,  79 

louse,  blood-sucking,  803,  807 
•■■  grasses,  35 1   377 
Forbes,  Stephen   V,  vi,  I,  16,  51,  *'»i 
Forbes1  Boale,  615,  617 
Pore-intestine,  B9 

developmenl  of,  91 
Forecasting  appearance  of  codling  moth,  572 
Foreign  grain  beetle,  733 
pests,  271 
'  fly,  768 

trees,   567 

.mated  damage  to,  33 
Formaldehyde,  260 
Formalin  in  baits,  239 
Formicidaj,  218,  306,  315,  734,  738 
Fossils,  silurian,  B0 
Foul-smelling  insects,  712 
Four-footed  butterflies,  209 

-linod  plant  bug,  631,  635,  636,  712 

-potted  beau  weevil,  382,  408,  734,  765 
Fowl  mite,  tropical,  107 

spirochetosis,  24,  815 

tick,  24,  812,  816 
Fowls,  1 55 

use  of,  in  control,  230 
Foxtail,  359 
FrnnUinirlhi  tritici,  65-4 

Free  nicotine,  240 

Freezing,  effect  on  sheep  tick,  804 

on  grain  insects,  762 
Frenulum,  208 
Froghoppers,  188 

,  155 
Front  of  head,  109,  110 
Frontal  ganglion,  90 
lunule,  227 
triangle,  222 
Fruit-bearing  shrubs,  276 
Fruit  crop-,  estimated  damage  to,  32 
flies,  226,  228,  265,  615,  826,  854 
baits  for. 

cherry,  226,  615,  816 
insects,  deciduous,  520  846 
moth,  oriental,  593,  594,  595,  608,  809,  till) 

r,  1 1 
-tree  bark  beetle,  521,  530,  531,  594,  602,  861 

leaf  roller,  525,  575,  576,  577 
worm,    tomato,    351,     Ins,    490,    I'M      -.  .     c,,r» 

<  arworm). 
worm-,  gooseberry-,  637 

green,  525,  574 

-,  bush,  576,  619  640 
citrus,   164 
dr  700 


Fruits,  imitation,  12 
iu«  hi  of  dried, 
Fuchi  I  ..  ."'"..  709,  1 1  i.  ■ 
Fuel  oils, 

I  ulgorid,  i  hi,  186 
Fulgoride,  188 

Fumigant ,  oico(  ini    is,  244,  259 
Fumigants,  229,  231,  252  260 
for,  253 
!    of,  258 

danger  from, 
dosage,  253 
effect  on  plants,  253 
killing  power, 

penetration,   253 

special  cautions,  253 
specific  gravity,  253 

table  of,  253 

Uses  of,  252 

Fumigating,  254,  652,  848 

general  directions  for,  254 
Fumigating  box,  763 

Fumigation,  254,  653,  696,  703,  706,  70s,  742,  745, 
750,  761,  762,  832,  837,  B48, 

effect  of  BUnlight,  254,  2.",'.) 
of  temperature,  2."><) 

length  of  exposure,  2.">  t 

nicotine,  259,  711,  715,  719 

of  digestive  tract,  780 

of  living  plants,  254,  257 

of  soil,  550,  631 

resistance  to,  653 

soil,   133 

sulfur,  259,  713,  752,  762 

tobacco,  259,  709,  720 

temperature  for,  25  1 

ventilating  after,  25  f 
Function  of  scales,  204 
Functions  of  insects,  87 
Fungi,  649,  730 
Fungicide  board,  273 
Fungicides,  213,  246 
Fungous  diseases,  230,  387,   121,  456 

enemies  of  insects,  658 
Fungus,  590 

sooty  mold,  652,  7HN 
Fungus  gnats,  227,  699,  720 

Furniture,  upholstered,  injury  to,  30,  744,7  15,  748 
Furrows,  dusty,  202,  320,    137 
Furs,  injury  to,  30,  7(0,  7  is 
Fusion  nucleus,  131 


(i 


Qage,  pressure, 
Galea,  113,  in,  126,  127.  128 
<;<tli run lln  xanikomelfena,  680 
Gall,  AHeppo,  16 

cockscomb  elm,  662,  678,  I 
Call  gnat,  22  1.  227 

insects,  9     10 

nuts.    16 

wasps,  218 
Calls  for  dyeing,  16 
for  ink 
insect,  9, 10,  »,  551, 573, 679,  718,  728 
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Galls,  medicinal,  46 
phylloxera,  630 

Toot,   63  1 

\  arioua  i  tads,  9 
Galtonia,  722 
Gamasids),  813 
Gambling  on  insects,  36 
Game  birds,  food  of,  51 

preserves,  27t> 
Gametes,  48,  101 
Ganglia,  90,  98 
Gangrene,  855 
Garbage,  disposal  of,  859 
Qarber  pear,  resistance  of,  587 
Garden  sphids,  442,  443 

centipede,  699 

crops,  357,  431  519,  690 

Beabopper,  445,  446,  450,  712 

pests,  general,  43]   44'J 

plant  liee,  442,  443 

slugs,  449 

sprayers,  281 

webworm,  381,  396,  508 
Gardenia,  706 
Gardner,  M.  W.,  13 
Gas,  hydrocyanic  acid,  255  (sec  Hydrocyanic  acid 

gas). 
Gas  Same,  45 

mask  for  fumigation,  254 
Gaseous  wastes,  88 
i,  rases,  252 

Gasoline,  250,  745,  752,  837,  815 
Gastric  creea,  89,  90,  91 
Gastrophilus  equi,  (see  Gastrophilus  intestinalis). 

hemorrhoidal  is,  776,  779 

intestinalis,  776,  779 

nasalis,  776,  779 

veterinus,  (see  Gastrophilus  nasalis). 
Gastropoda,  728 
Geese,  chewing  liee  of,  812 
Gelatin,  250 
Gelecbiid  moths,  208 
Gelechiidffl,  208,  418,  426,  481,  601,  758 
Ciena.  109,  110 
Genera,  156 

Generations,  alternation  of,  213 
Generators  for  hydrocyanic  acid,  256 
Geneticists,  67 
Geniculate  antenna,  83,  84 
Genitalia,  external,  101 
Genus,  157,  159,  161 
Geometridse,  209,  555,  557 
Geranium,  426,  706,  709,  725,  728 

oil  of,  606,  607 

wild,  448 
Germ  cells,  101 
German  roach,  742,  743 
Germs,  how  carried,  23,  856 
Gerridse,  191 
Giant  ragweed,  337 

root  borer,  larva,  146 

silkworm  moth,  206,  209 

water  bug,  190,  191 

water  scavenger  beetle,  196 
Giddiness  of  sheep,  808 


Gills,  blood,  95,  169 

traeheal,  98,  L78,  179,  200,  202 
Ginger,  31,  88, 
Ginkgo,  680 
Girdler,  strawberry  crown,  841,  644 

tuiK,  injury  by,   11,    12,  664 
Giz/.ard  of  insects,  89,  90,  91 
Glacial  lady  beetle,  57 
Gladioli,  333,  478 
Glands,  92 

aocessory,  90,  102 

eversible,  104 

hypodennal,  42,  92 

scent,  92 

salivary,  38,  88,  92,  118 

Bex,  101 

silk,  92,  94,  143 

uterine,  22S 

wax,  92 
Glassy  cutworm,  321,  323 
Glick,  P.  A.,  64 
Glossae,  126,  127,  128 
Glossal  rod,  128 
Glossina  longipalpis,  24 

morsituns,  24 

pal  pal  is,  24 
Glucose,  41,  88 
Glue,  7  1  ! 
Glycogen,  92,  93 
I  inat,  potato  scab,  472 
Gnats,  171,  222,  772 

buffalo,  772,  832  (see  Buffalo  gnats). 

fungus,  227,  699,  720 

gall,  224,  227 

turkey,  772,  832  (see  Buffalo  gnats). 
Gnats  suffocating  animals,  783 
Goat-weed,    121 
Goats,  771,  782,  796,  802  811 
Gold  bugs,  483  (see  Sweet-potato  beetles). 
Golden-eyed  flies,  55 

Golden  sweet-potato  beetle,  482,  483,  484 
Goldenrod,  386,  515 

ball  gall,  9 
Goldfish,  top-feeding,  832 
Golf  greens,  injury  to,  605,  606 
Goniodis  stylifer,  812 
Goniocotes  abdorninalis,  812 

compar,  820 
Gonorrhoea,  855 
Gossard,  H.  A.,  34,  170 
Goose  chewing  louse,  812 

Gooseberry,  539,  543,  552,  632,  633,  634,  635,  636, 
637 

-fruit  worms,  637 
Gossamer  wings,  209 

Gradual  metamorphosis,  139,  141,  142,  147,  152 
Grain,  298-379,  435,  549:  552,  731-766 

moving,  762 
Grain  aphid,  apple-,  522,  545,  549 
English,  265,  355,  369,  370,  377 

beetle,  foreign,  733 
saw-toothed,  733,  755 

bins,  insects  in,  761 

mites,  control  of,  762 

moth,  Angoumois,  733,  758,  848 

products,  insects,  753-763 
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Grain  weevils,  diapers*]  of,  753 

as,  inspect  i< i ,  76  I 

■mail,  318,  346,  354  377.  16  I,  826 
<  Irsma  gra    .   L28, 

at  j   weevil,  i  i...  .'7.".,  733,  753 
Grape,  313,  110,  592,  619  631,  8  1 1,  6  51,  562,  677, 

717 

•berry  moth,  619,  620,  <>-'i 
oolaepia,  200,  313.  31  1,  380,  385,  1 19 
Bea  beetle,  610,  624 
leaihopper,  6,  1 16,  610,  627,  628 

-it:i\ -inir  boom  for,  820 
phylloxera,  268,  610,  629,  631 

early  legislation  against,  270 
rootworm,  610,  622 

BUgST,   I 1 
Grapefruit  inaecta,  647  668 
( (rapes,  duating  of,  29 1 

Immunity  of,  630 
Oraphopt  pubeacena,  643 
Qraptolitha  antennata,  7,74 

hct/iuiiri,   7.7  I 

laticim  rea,  ~u  I 

Crass,  blur,  318,  324,  304 

crab, 

foxtail,  369 

gama,  343 

grama,  32X 

Johnson,  338,  339 

Juno,  313 

pepper,  464 

quaek,  372 

Sudan,  .'ill 
Grass  billbugs,  300,  340 

worm,  435  (sec  Fall  army  worm). 
Grasses,  378,  485,  515,  549,  552,  582,  nor,,  607, 
626,  679 

forage,  364  377 
Grasshopper,  bird,  327 

Carolina,  330 

dear-winged,  329,  330 

differential,  328,  329,  410 

egg-laying  of,  328 

hatching  of,  137 

head  of,  110 

1>  aser  migratory,  329 

olive,  329 

red-legged,  329 

Rooky   Mountain,  329 
ii  of,    13  1 

two-striped,  330 

Grasshopper  baits,  238 
sara,  98 

.  328,  392 
mouth  parts,   1  1 :{ 
nymph,  140 
Grasshoppers,  36,  76,  7''.  98,   111,  113,   171,   173, 
266,  299,  327,  355,  377,  378,  381,  398,  407, 
123,  lll.l  19,  519,  524,  567 
characteristics  of,  1 7  1 
injury  by,    1 
long-horned,  177, 
lubber,  410 
meadow  green,  1 75 
te  of  feeding,  332 
bat  ks,  850    si  i    Human  body  louat 


tewood,  ■'  i  ■' 
1 1  reedy  aoale,  7oi 
( Ireen,  Paris,  234  236     •  •   Pat 
( ireen  apple  aphid,  0  !  3,  549 

ash,  669,  660 

bottle  fly,  781,  803,  810 

bug,  207,,  37,7,,  367,  litis 

and  weal  her,  368,  369 
ohrysanl  hemum  aphid, 
clover  worm,  144,  265,  381,  395,  107 

fruit   worms,  r>2:>,  574 

June  beetle,  207,,    124,  595,  607 

meadow  grasshoppers,  177, 

j, each  aphid,  512,  595,  610 

plant  bug,  132 
nymph,  140 

soap,  849 
Greenheads,  783 
Greenhouse,  even-span,  255 

preventing  damage  in,  698 

three-quarter-span,  255 
Greenhouse  aphids,  097,  707 

fumigation,  dosage  for,  27,7 

insects,  696-730 

leaf  tyer,  508,  608,  714,  715 

millipede,  099,  727 

orthezia,  887,  707 

pillbug,  169 

plants,  diseases  of,  708 
estimated  damage  to,  33 
inspection  of,  097 
susceptibility  to  injury,  606 

red  spider,  698,  712,  713 

sanitation,  714 

thrips,  608,  710 

whitefly,  098,  709,  710 
Gregarious  bees,  219 
GreybackB,  850  (see  Human  body  lou.se). 
Grocer's  itch,  752,  sis 
Grocery  stores,  insects  in,  77,2,  77,1 
Grooming,  773 
Groove,  salivary,  122 
Ground  beetle,  European,  56 
Ground  beetles,  17,  54,  55,  132,  1  10,  108,  305,  324 

cherry,  425,  426,  472,  478,   180 

-nesting  birds,  8  15 

pearl-,  67 

squirrels,  270,  S39,  X}:? 
Grotesque  insects,  105 

shapes  of  insect-,  I  s7 
Growing  plants,  injury  to,  3 
Growth  and  development,  87 

of  insects,  134,   1  1  I 

period  of,    17._' 

Grub,  common  cattle,  791,  702,  703 
Northern  cattle,  791 
in-the-head,  803,  808 
Grubby  hide,  20,  -'1 
Grubs,  306  (see  Whii*  grubt). 
•tie,  791,  704,  : 
loaSI  -  from,  702 
eaing  out, 
white,  306,  723  («  •     Wl  ■(<  uruhs). 
( '.rubs  in  hack,  7'' 1 

Grub  worms,  306    set    WhiU  /r,tt>x). 
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Gryllidjs,  L75,  637 

oharaol  erisl  ies  of,  1 7.") 
Gryllus  assimilis,  17  t 
Guinea  pigs,  771,  821,  836,  843 
( Sums  in  emulsions,  _'.")() 
Gun,  spray,  283,  285,  286 
( 1  utters,  832 
( lypeum,  16  l,  162 
Gypej  moth,  66,  269,  277,  296,  524,  tit..?,  690,  691 

control,  272,  692 
GyrinidsB,  198 


II 


Hackberry,  660,  676,  677 
Hadwen,  Seymour,  22,  776,  779,  810 
HcBtnatobia  irritans,  782 
Haematopinid®,  193,  787,  70S,  807 
Hwmatopinua    aaini    (see    Hcematopinus    macro- 
cephaltu). 

eurystemiu,  786,  787 

tnacrocephalus,  77  1 

wis,  798,  799 

rituli  (see  Li  noun  nth  us  rititli). 

Hcematosiphon  inodorus,  823 

Hag  moth,  is 
Hair,  746,  7  IS,  750 

streaks,  209 
Hairs  of  insects,  104 

branched,  220 

hollow,  692 

nettling,  17,  92,  104,  692 

protective  value  of,  104 

tenent,  70,  80,  92 
Hairy  woodpecker,  food  of,  50 
Haliotidse  (see  Andrenidos). 

Halteris  or  balancer,  222 
Haitica  chalybea,  024 

ignita,  6  15 
Halticua  citri,  445,  446,  447 
Ham,  750 

mites,  733,  752 
Hamamelistes  spinosus,  0 
Hamuli,  210 
Hand  atomizer,  270,  281 

-blower  duster,  202 

destruction,  220,  262,    127,  435,  464,  468,  475, 
190,  503 

dusters,  201,  202 

picking,  420,   101,  503,  510,  533,  565,  567,  008, 
682,  720,  72S,  810 

pump,  section  view  of,  281 
Handling  wool  while  shearing,  S05 
Hard  maple,  676 

soaps,  252 
Harlequin  bug,  116,  132,  495,  501,  502 

cabbage  bug,  501  (see  Harlequin  l>iu/). 
Harmolita  grandis,  373 

tritici,  374 
Harmologa  fwniferana,  663 
Harpalua  pennsylvanicus,  larva  of,  146 
Harrowing,  356,  580 
Hartsell,  Albert,  476 
Harvest   mites,   10,  825,  847 
Harvesting,  early,  372 

time  of,  267  (see  Time  of  harvesting) . 


..-ling,   variations  in,  230,  267 
Harvestmen,  1  »>— ,  164,  168  (see  Dog-day  eicada) 

in,  Leonard,  M  1 
I  latching  of  apple  aphid,  b>7 

of  codling  moth,  277 
ol  grasshopper,   137 
of  insects,   137 
of  peach  borer,   137 
of  tree  cricket,  137 
Hawaiian  sugar-cane  borer,  cocoon,    150 

Hawk  moths,  2oo 

Haws,  528,  529,  549,  558,  562,  563,  568,  57  I 

5S3,  584 

Hawthorn,  549,  550 

Hay  crop,  estimated  annual  loss,  32 

Hayes,  W.  P.,  65 

Ha/.leliut ,   558 

Head,  76,  77,  85,  108-110 

appendages  of,   100 

distorsion  of,   109 

embryonic  condition  of,  10S 

hypothetical  insect,  109 

landmarks  of,    108 

of  grasshopper,   1  10 

of  honeybee,  210 

sclerites  of,  108 

segmentation  of,  108 

size  of,  108 
Head  louse,  human,  S26,  849,  S50,  851 

poultry,  812,  817 
Health,  insects  that  affect,  824  -860 
Hearing,  82,  98 
Heart,  89,  90,  96,   103 
Heat,  destruction  by,  76. 

-treating  machines,  264,  7(12 

-treatment  for  grain  insects,  264,  761 
Heating,  artificial,  263,  736 
Heating  units  for  mills,  762 
Heavy  oils,  250 

Heel  fly,  781,  791,  792,  703,  704 
Helicopsi/che  borealis,  larval  case,  150 
Heliothia  obsolete,  350,  4  Hi,  427,  400 
Helioihripa  h&morrhoidalis,  710 
Heliotrope,  706 
Hellebore,  234,  235,  238,  634 

HeUgrammite,  35,  200 

Hellula  undalis,  501 

Hemelytra,  189 

Hemeroearnpa  leucostigma,  687,  OSS 

vetustd,  larva  of,  146 
Hemichiona8pis  aspidistra,  702,  703 
Hemileuca  olivia,  378 
Hemiptera,  160,  171,  186,  188  (see  llomoptera). 

characteristics  of,   190 

synopsis  of,  191 
Hemipterous  subtype  of  mouth  parts,  124 
Hemispherical  scale,  703,  704 
Hemlock,  678 
Hemoccele,  89 
Henbane,  472 
Henderson,  Junius,  276 
Hens,  mites  on,  813 
Heptagenia  inter  punctata,  egg,   L32 
Herbs,  760 
Heredity,  153 
Herms,  W.  B.,  854 
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II.    p  riidas,  209 

II.   -.an  Hy,  265,  274,  354,  369,  363,  .{77, 

cunt pol  l>y  i inn-  >>i  plant ing 

date  "i  w  ■  < 1 1 1 1 j*  to  i  scape,  .'t<>;{ 

infeeta!  ions, 

life  eyele  of,  360 

onaJ  history  of,    160 
Beterooef  ..  208 
Heteroeordylus  miliums,  582, 
fitter odera  radicicola,  V 
Heteromera,  198 
Heterometabola,  141,  152 
Heteroptera,  L88  (see  Hemipttra), 
I  [exapoda,  77,  L62 
Hibernation,  92 
Hibiscus,  1 12,  703,  700 
Hickory,  532,  666,  685,  603 
bark  beetle,  661,  670,  671 
horned  devil,  1 8 

Hide  beetle,  733 
Hides,  injury  to,  20,  21 
Hiding,  l<>"> 

Hind-intestine,  80,  90,  01 
Hinds.   \\      I    .    (I  I 
Hippoboaride,  228,  B03 
Hippodamia  convergenti  57 

(jlacialis,  57 
parenthesis,  57 
tredecimpunctata,  57 
Histogenesis,  92 

I  live  bee,  in 

Hives  of  bees,  760 

Hodge,  C    l   .  139,  858 

I  I"Lr  cholera,  706 
fleas,  802 

louse,  70,  707,  798,  700 
mange,  801 
oilers,  800 
peanut,  153,  154 

wallows,  sun 
Hops,  769,  771.  77."..  783,  796,  797-802,  830,  842 

estimated  annual  injury  to,  33 

treatment  of  infested,  841 
Holding  over  b< 
Hollow  hairs,  692 

spine,  7  j 
Hollyhock,  119,  626 
Holometabola,  143,  152 
Holsteins,  susceptibility  to  lice,  784 
Hominidse,  157 
Home-boiled  lime-sulfur,  245,  246 

-mixing  nicotine  dusts,  211 
Homo,  157 
Homoptera,  160,  171,  186 

characterise  ics  "f,  i  s7 

synopsis  of,  ] ss 

"i,    11,    iv  7  |7 
comb,  40,   1 1 

red  by  ant*,  735 

Honey  an' .   7 

locust,  660,  677,  • 
.11 
Bonej  39,   nt.   11.   12,   17,.   16,   17,   i- 

79    --7  88,  mi.  126,  128,  131,  150,  167,  219 
laying  of,  136 
head  of,  210 


I  ion.  \  bee,  queen,  i"  1 .  131 
■  of,   "i  . 
\ alue  "i.  18 
m  ings  of,  210 
I  Ion.  ybees,  poisoning  "j,  57  I 
Honeydew,  13,  316,  166,  590,  613,  651,  •• 

70s,  7;:  I,  738,  77o 
I  [one]  suckle  miner,  egg,  132 

Hookworms,    S 

Hop  aphid,  612,  613 
Hopperburn,  6.  I  I,  475,  176 
Hoppercatchers,  263,  331,  .532 
Hopperdozers,  263,  331,332,  ino 

Horietonottu  uW<  r»,  1 1  1 
Horizontal  tank  pump, 

1  lormones,  92 

Hormo8omyia  oregoneneie,  224 

Horn,  750 

Horned  borer,  long-,  <><'.<>,  665 

devil,  hickory,    1  8 
Hornet,  bald-faced,  217),  216 
Hornets,  17,  21  l,  218,  826 
Horn  fly,  781,  782 

annoying  to  man,  782 
Hornless  sheep,  811 
Horns,  82 
Horntails,  212,  217 
Hornworm,  64,  123,   120,   188,  480 

anatomy  of,  0  1,   103 

northern,  429,  488,   189 

southern,  429,  488,  189 

tobacco,  148,  150,  430,   188,   is') 

tomato,  64,  04,  103,  111,   129,  488,  180 
Horse,  155,  767  780 

botfly,  common,  22,  768,  776  779 
egg-laying,  136 
Horse  botfly  and  stable  fly,  138 

bots,  776  (see  Horse  botfly). 
in  stomach,  778 

chestnut,  660,  677) 

louse,  blood-suckinjz,  768,  774 
chewing,  768,  773 

nettle,  425,  472,  180 
Horse-radish  flea  beetle,  438,   139,   110 

insects,  404-.">nv 
Horse  "tick,"  768 

Horseflies,  227,  767,  768,  760,  770,  7s  1,  783,  707, 
825,  835 

draining  for,  263 
Horsemint,  421 
Horses,  767  780,  789,  796,  805,  817,  836,  843 

estimated  annual  injury  to,  33 
Horticultural  board,  federal,  271 

282,  283 
Host,  essential,  2 1 

summer,    1  I  I 

Hosts, 

Hot-water  treatment,  7_'_',  725,   763 

Hour  pider,  164,  165 

I  louse  ant,  i  »dori  m 

centipede,  !'■'>-.  741 
flics,  741,  B26,  855 

dispersal  of,  s.".s 

mated  i  conomie  loss  from, 

overproduction  .■ 
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House  Hy.  22,  24,  79,  82,  121,  126,  126,  130,  228, 
r84,  B26,  855,  857 

biting,  v 
classification  <>f.  ltii 

compound  Bye  of,  Nf> 

little,  820,  855 

progeny  of,   L39 
strength  of,  71) 

mosquito,  common,   IIS,  829 
wren,  food  of,  50 
Household  insects,  731    753 
Houses,  insects  in,  554,  731   753 
Housing  poultry,  817 
Hover  flies,  57  (see  Syr phid  flies). 
How  aril,  belaud  O.,  2 
llowiirdia  bicldvis,  703 
Huckleberry,  584 

Human  body  louse,  19,  24,  122,  826,  849,  S50,  851 
botfly,  854 

diseases,  estimated  loss  due  to  insect-borne,  33 
flea,  797,  839 
food,  insects  as,  36,  51 
head  louse,  826,  849,  S50,  851 
parasites,  824-860 
Humeri,  222 

Humidity  and  mites,  712 
Hundred-legged  worms,  77,  162,  163 
Hunter,  W.  1).,  419,  824 
Hyacinth,  722,  723 
Hydra,  155 
Hydrated  lime,  241,  243,  261,  453,  461,  605,  814, 

654,  728 
Hydrocyanic  acid,  dosage,  257 
effect  on  animals,  256 
formula  for,  2.">7 

gas,  253,  255,  650,  651,  052,  653,  696,  703, 
706,  710,  711,  717,  742,  745,  747,  750,  751, 
752,  762,  832,  837,  841 
generators  for,  256 
how  to  generate,  256 
liquid,  256 

machine  for  generating,  256 
penetration  of,  256 
residue  from,  257 
Hydrometer,  246 
use  of,  247,  248 
Hydrous  triangularis,  196 

II  t/ltistinus  obscurus,  'ASA 

Hylemyia  antiqua,  491,  492 

brassisa,  505,  506,  507 

cilicrura,  300,  301 
Bymenoptera,  209,  213 

characteristics  of,  216 

economic  importance  of,  220 

social  life  of,  210 

stings  of,  92 

synopsis  of,  217 
Hymenopterous  parasite,  540 
Hypera  punctata,  385,  3S6,  3S7 
Hypermetamorphesis,  199,  474 
Hyperparasites,  54 
Hyphantria  eunea,  561 
Hypoderma  bovis,  791 

lineata,  791,  792,  793 
Hypoderma]  gland  cells,  42,  92 
Hypodermis,  72 


Hypopharynx,  1 10,  113,  114,  120,  121,  124,  L26 
Hypopus,  752,  848 

Hypothetical  insect  head,   100 
Hytteroneura  setaria,  613 
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T eery  a  purcho&i,  57 

Ichneumon  vrasps,  59,  63,  7'.»,  218 

[ohneumonid  parasite,  62  (see  Ichneumon  u 

lihneumonida\  59,  218,  389 
Ideal  arsenical,'  '1W1 
Illinoia  pin,  455,  708 

soldnifolii,  478 

Illuminant,  artificial,  45 

Imbricated  snout  beetle,  265,  521,  533,  till 

Immunity  of  grapes,  630 

Importation  of  parasites,  57,  til,  269,  I 

of  predators,  57,  269 
Importance  of  wind,  on  insects,  274 

of  yellow  fever,  828 
Imported  cabbage  worm,  61,   194,  495,  406,  497 

currant  borer,  632 
sawfly,  631,  633,  636 

insects,  57,  61,  269,  271,  692 
Inception,  period  of,  152 
Incornpatability  of  insecticides,  236,  2  16,  247,  251, 

542 
Indian  meal  moth,  734,  760,  761 
Individual,  158,  161 
Inert  ingredients  of  insecticides,  273 
Infantile  paralysis,  771 
Infection,  bacterial,  856 
Infectious  anemia,  771 

ehloroses,  14 
Infected  insects,  liberation  of,  230 
Inferior  veins,  211 
Infestation  by  Hessian  By,  268 
Infested  animals,  isolation  of,  800,  815,  817 

mattresses,  8  IS 
Ingestion,  87,  88 
Inhalation,  95 
Injury  by  chewing  insects,  3 

by  egg-laying,  11,  537,  538 

by  internal  feeders,  1 

by  making  nests,  12 

by  piercing-sucking  insects,  4 

by  subterranean  insects,  10 

table  of  insect,  2 

to  animals,  2,  15,  767-823 

to  cable  lines,  26,  27 

to  crops,  2 

to  domestic  animals,  767-823 

to  golf  greens,  605,  606 

to  greenhouse  plants,  696-730 

to  growing  plants,  3,  298-730 

to  hides,  20,  21 

to  lawns,  605,  606 

to  lead  pipe,  27 

to  man,  2,  15,  824  861 

to  plants  by  insecticides,  234,  212 

to  roots  of  grasses,  626 

to  stored  foods,  26,  731-766     • 
products,  2,  26,  731-766 

to  telephones,  26 
Ink,  lithographic,  42 
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i  nk  from  palls,  M 
Inks,  86 

Inner  margin  of  « Ins,  hi 
i  iiMct ,  cochineal,  15 

tip.  48,   I!) 
lac.    12,    18 

Insect  antenna*  .  82 
•borne  diseases,  estimated  loss  from,  33 
table  <'f.  24,  28 

earners  of  animal  diseases,  22 
of  plant  diseases,    13 

ohampions,  67 
communication,  92 

control.  229 

support  given  to,  229 
value  of,  22'.) 

diet,  88 

diseases,  230,  695 
use  of,  270 

epp,  parts  of,  133 

epps  as  food,  51 

enemies,  1 

energy,  87 

excreta,  66 

friends,  52 

palls,  9,  10 
use  of,  46 

pills,  95 

injury,  estiniatinp,  277 

locomotion,  100 

morpholopy,  69 

mouth  parts,  108 

odors,  15,  18,  92,  104 

orders,  170,  171 

outbreaks,  predicting,  277 
scouting  for,  297 

parasites,  59 

physiology,  36,  87 

plagues,  69 

poems,  36 

poetry,  67 

powders,  Dalmatian,  244 
Persian,  244 

predators,  abundance  of,  59 

products,  value  of,  34 

protection,  104 

psychology,  36 

recognition,  92 

shelter,  105 

songs,  36 

Bounds,  173 

vision,  84,  99 
Insecta,  162 

Insecticide,  contact,  aim  of,  278 
Insecticide  apparatus,  278 

board,  273 

combinations,  230 

laws,  230 
Insecticides.  229,  231    262,  273 

active  ingredients  of,  273 

adulteration  of,  273 

apparatus  for  applying,  278 

compatable,  236,  238,  244 

effect  of,  210 

inoompatable,  236,  246,  l1  17,  251,  542 

inert  substances  of,  273 


I oseotiokleB,  hum.  client    of,  278 

kill.  I       iM      ,,-.-,        ||.,  |M,  [J 

labeling  of,  273 
misbranding  of,  273 

standardized,  27.5 
Insectivorous  animals,  280 

birds,  230 
Insects,  adaptability  of,  71 
annoying,  1 5,  692 

in  houses,  55  I 

to  man,  55  I 
barren,  210 
biting,  16 
blind,  85 
blood  of,  96 
body  regions,  75 
cactus-feeding,  65 
carriers  of  plant  diseases,  13 
characteristics  of,  162 
chewing,  111 
crepuscular,  106 
damage  of,  estimating,  277 
dead,  760 

distinguishing  characteristics,  85,   1"') 
drifting,  692 
effect  of  sunshine  on  flight,  274 

of  wind,  274 
entomophagous,  52 
female,  100 
form-concealing,  105 
foul-smelling,  742 
functions  of,  87 
grotesque,  105,  186,  187 
growth  of,  130 
hatching  of,  137 
how  named,  159 
how  they  feed,  111 
imported,  271 
infected,  liberation  of,  230 
intestinal,  22 
male,  100 
nocturnal,  106 
number  of,  170 
orders  of,  160,  170,  171 
paralyzed,  215 
parasitic,  52,  225,  230,  269 
persistence  of,  71 
plasticity  of,  71 
predaceous,  52,  225,  230,  269 
pugnacious,  105 
size  of,  70 

of  head,  108 
stinging,  17 
strenpth  of,  70 
struggle  for  existence,  KM 
urinary  products  of,  91 
value  of,  34 
venomous,  16 
zoophapous,  19 
Insects  and  health,  82  1 
and  quackery,  I B 
and  soil,  66 
and  weather,  392,  156,  548,  568 

ami    weed-,   li  I 

as  enemies  of  man,   1 

as  fertilizer,  36,  66 
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I  n^.it -^  M  food,  35, 

of  birds,  BO 
as  human  food,  36,  51 
as  jewelry,  3t>,  67 
a.s  medicines,  13 
u  models,  36 
;ts  ornaments,  15,  67 
M  polliniserB,  16 

as  scavengers,  3t>,  66 
as  soil  builder 

in  dwellings,  731   753,  761 
in  elevators,  761 

in  grain  bins,  7ti  1 

ill  houses,  731    763 

in  mills,  Tt>l 

in  retail  stores,  701 

in  soil,  66 

in  tropical  sones,  273 

in  warehouses,  761 

in  wood,  73d 

invading  the  eye,  15 

wounds,  22 
Stampeding  animals,  15 
vs.  weeds,  36,  64 

Inspection,  808 

state,  271 

Inspection  laws,  230,  271 

uniform,  271 
Inspection  of  grains,  761 

of  greenhouse  plants,  697 

of  nurseries,  272 

of  soil,  606,  723 
Instars,  142,  1  13,  144,  145,  152 
Instinctive  behavior,  71,  158,  209 
Insurance,  fire,  258 
Intelligence,  2(H) 
Interbifid  grooves,  125 

spaces,  125 
Interfacial  tension,  250 
Intermittent  parasite,  53 
Internal  anatomy  of  insects,  87 
of  horn  worm,  94,  103 
of  roach,  90 

feeders,  injury  by,  1 

parasites,  18,  20 
Intestinal  insects,  22 
Intestine,  88-90 

lilt  una,   95 

Introduction  of  natural  enemies,  268 

of  parasites,  269 
success  of,  270 
Invert  sugar,   11 
Invertebrates,   155 
Investigations,  use  of  insects  in,  36 
Io  moth,  18 
Iodine,  845 
Iodoform,  795 

lridomyrmex  hit  mi! is,  736,  738 
Iris,  478,  722 

pigment,  99 
Tschnaspis  longirostris,  702,  703 
Isia  isabtlla,  4  1 1 
Isle-of-Wight  disease,  167 

Isolating  infested  animals,  776,  800,  815,  817 
[eolation  of  infested  individuals,  849 
Isopoda,  726 


boptera,  160,  171,  180 

chaiMi  t<  i  i-l  H'-  ..I ,    180,    1  82 

Itch,  cavalryman's,  775 
grocer's,  7.">2,  8 18 
\  en-year,  2 1 ,  849 
Itch  mite,  20,  21,  77:>.  825,  848 
Ithycerut  noveboraeenaia,  ">:<- 
Itonidida  idomyiidm). 

l\s,  703,  708 

scale,  700,  701 

Txodea  rii-in  us,  8  I  -' 
Ixodida>,  788,  791,  811 


Jacks..!.,  ('.   !•'.,  70 

Japan  quince,  543,  5  t  I 

Japanese  beetle,  132,  300,  353,  595,  605,  606,  723 

Jarring,  533,  608,  625 

Jaws  of  insects,   109,   112 

Jelly-fishes,  155 

Jerseys,  resistance  to  lice,  784 

Jerusalem  oak,    I  18 

Jewelry,  insects  as,  36,  67 

Jiggers,  221,  845  (see  Chiggera). 

Jimson  weed,  64,    125,    Its,   172,    180 

Johnson  grass,  33 ?,  339 

Joint,  71 

Joint  worm,  wheat,  265,  355,  374   377,  sis 

Jonthonota  nigripea,  182,  484 

Jugum,   1S9,   209 

J  ulna  heaperua,  13 1 

hortensis,  434 

imjrressus,  434 
Jump  of  flea,  70 
Jumping  plant  lice,   188 
June  beetle,  green,    121,  59."),  607 

beetles,    306,    307    (see    May  beetles  arid   Whit* 
yrubs). 

bugs,  wingless,  410 

grass,  313 
Juneberry,  599 

K 

Kafir,  357,  753 

Kala  azar,  836 

Kale  insects,  494-508 

Kaolin,  461 

Katabolisxn,  88 

Katydid,  angular-winged,  175 

song  of,  67 
Katydids,  78,  98,  171,  173,  175 
Ked,  802,  803 

KeifTer  pear,  resistance  of,  587 
Keilin,  D.,  851 
Kelley,  E.  O.  G.,  361 
Kennels,  treatment  of  infested,  841 
Kerosene,  250,  251,  262,  350,  475,  503,  741,  770, 

799,  801,  814,  817,  822,  832,  837,  841,  847, 

852,  853,  854 
deodorized,  752 
^Kerosene  emulsion,  242,  243,  251,  559,  720,  787, 

801 
Keys,  field  (see  Table  of  Contents,  xi,  xii) 
Kidney  beans,  765 
Kidneys,  91 
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Kilbourno,  8mi(  li  and, 

Killing  powei  ol    u  enioals,  232 

<'i  fumigants,    !  •  • 
Kind    •  i  iprayers,  280 

\\     V.,  844 

.•ml),  L62 

termites,  181,  MO 
Kingdom,  L61 
Kissing  bug,  825,  837,  838 
Knapaack  sprayer,  281 
kohlrabi  inaecta,  194  608 


L 


Labeling  of  insecticides,  27:t 

Labella,  120,  121,  125,  120,  128 

Labela,  71 1 

Labial  palp,  L10,  113,  114,  122,  12G,  127 

palpus,  114  isee  Labial  i><ili>). 
Labium,  1 10,  1 13,  114,  117,  121,  124,  126 
Labrum,  109,  no.  112,  113,  117,  120,  121 

-epipharynx,  120,  121,  120 
Lac,  42,  13,  11 

Make,   11 

n  ed,  4.'5 

stick.  12,  43 
Lac  industry,  1 1 

insect,  42,  43 

bug,  G4,  140,  101 

-winged  flies,  :>.">,  104,  132,  140 
Lachnoaterna,  306,  358 

Lacuna,  113,  114 
Lacquer,  synthetic,  1  1 

Lady  beetles,  34,  54,  56,  370,  443,  456,  548 

abundance  <>f,  59 

various  kinds,  57 
Ladybirds,  56  (aee  Lady  beetles). 
Lady  bugs,  56    see  Lady  beetles). 
Lakes  as  barriers,  -'7  I 
Lake-flies,  177 
Lambs,  docking  <>f,  81 1 

Lamb  a  quarters,  302,  396,  478,  511,  513,  515 
Lamellate  antenna,  S-'i,  8  I 

Lamellicorn  beetles,  199 
Lamellicornia,  199 
Lampyride,  l">,  198 
Lampyris,   l"> 

Lams. mi.  (i     H,  IS 

Lanceolate  cell,  21 1 

Land  plaster,  161  (set  Gypsum). 

turtles  845 
Landmarks  of  head,    108 
Languria  mozardi,   100 
Lanolin,  849 
Lantana,  1 

Laphygma  frugiperda,  398,  435 
Lard,  780,  799,  821 

.   r  bet],.,  733,  750 
Large  black  ant,  732,  734 

body  louse,  B12,  819 
carpenter  be.  -,  219 

chicken  louse,  s  ]  2 
oak  appli 

,  tance  of, 


turkej  I  o  1 1  - .  ,  8 1 2 
w  inga,  82 

r  oorn-atalk  borer,   (00  339,  840 

Lark,   meadow  ,  food  Of ,     (0 
Larkspur,  725 

t  met  ure  of,  85  1 
Larva,  143,   152 

oharacterisi  ica  of,  1 17 
oaraboid,  175 
ooarctate,  17.". 
■oarabsBoid,  I7."> 

Larva',   1  10 

bee,   86 
Larva  of  flies  m  the  body,  855 

of  honeybee,    1  .">() 

VS.  nymphs,   147 
Larval  cases,   150,  682 
Lasiocampidu;,  200,  565 
Lasioderma  serricorne,  744,  745 
Lasius  niger  amerieanus,  315,  316 
Laspeyresia  interstinctana,  403,  404 

molesta,  608 

nigricana,  450 

prunivora,  573 
Latania  scale,  701 

Late  planting,  267,  313,  327,  358,  362,  365,  407, 
453,  486 
seeding,  267  (see  Late  planting). 
Latrine  fly,  826,  855 
Latrodectus  muctans,  164 
Laundry  soaps,  242,  243,  252 
Lawns,  injury  to,  605,  606 
Laws,  insecticide,  230,  273 

inspection,  230,  271 

quarantine,  230,  271 
Laws  against  insects,  230 
Lawson,  820 
Lead    arsenate,    233,    234,    235    (see    Arsenate    of 

lead). 
Lead-cable  borer,  20,  27 

monoxide,  233 

pipe,  injury  to,  27 
Leaf  aphid,  corn,  63,  205,  300,  344,  37S 

beetle,  bean,  3S0,  449,    150,  453,    154 
elm,  002,  680 
poplar,  ti'i-' 
willow,  662 

beetles,  56,  100 

bugs,  171,  101 

crumpler,  523,  560,  561 

-cutter  bees,    12 
-Cutting  ants,   12,    1 10 
bees,  219,  220 

-footed  plant  bugs,  101,  409 
-horned  beetles,  199 
-like  inaecta,  176,  177 
miner,  blackberry,  640 

chrysanthemum,  I 

serpent  ine,  505 

spinach,  509,  513 

tobacco,  123,  426 
miners,  '»,  208,    1!'.".,  505 
roll,   I7s 
roller,  fruit  tree,  525,  575, 

oblique-banded,  698,  716 

obsoli  1.  -ban. hd,  -tr:i» berry,  6 12 
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1  <■  .ii  roller,  red  banded, 
straw berry,  641,  012 
sweet-potato,  183 
moths,  209 
Boale,  pin.',  622,  678 
Bkeletonlser,  apple,  523,  559,  660 
tyer,  greenhouse,  608,  898,  714,  715 
weevil,  clover,  266,  380,  385,  386,  387 
worm,  cotton,  206,  €10,  416,  417,  595 
Leafhopper,  apple,  6,  l  t,  150,  171,  475,  470,  477, 
622,  552 
beet,  1 1,  188,  609,  512 
grape,  6,  116,  619,  627,  628 
potato,  U,  475  (see  Api>/c  leafhopper). 
clover,  399 
Leafhopper  nymph,   1  10 
Leafhoppers,   171,   186,    188,  266,  381,  399,  408, 

till) 
Learning  kinds  of  insects,  170 
Leather,  injury  to,  20,  21,  31,  740,  7  IS 
Leather  jackets,  378 
Leaves,  walking,   17f> 

LeeaniixuB,  700 

Leeoh,  165 

Legal  control,  230,  270 

Legislation  against  grape  phylloxera,  270 

for  insect  control,  270 
Leg  mite,  scaly,  813,  821 
Le^s,  functions  of,  78,  79 

insect,  77,  78,  79 

movement  of,  78 

number  of,  78,  79 

sponging,  780 

use  of,  78 

washing  of,  808 
Legume-pod  moth,  449 
Legumes,  380  408,  433,  445 

Lemon  insects,  647-658 

oil,  262,  713 
Lemons  in  baits,  238 
Length  of  egg  stage,  139 

of  life  cycle,   138 

of  life  of  insects,  138,  736 
Lens,  85 
Lentils,  765 

Leonard,  M.  D.,  474,  501 
Leopard  moth,  001,  672,  673 
Lepidoptera,  160,  171,  203 

characteristics  of,  207 

synopsis  of,  208,  209 
Lepidoaaphes,  675 

l'<  ckii,  0  10 

gloiu ;/,  649 
ulmi,  544 
Lepiama  saccharina,  744,  745 

Lepismatidse,  744,  745 

Leprosy,  836,  855 

Leptinotarsa  decerrUineata,  472,  473 

Leptocoris  triritottus,  191,  662 

Leptospira  iettroides,  21,  829 

heptotromJbidium  akomushi,  24 

Lesser  apple  worm,  525,  573 

bulb  fly,  699,  722 

dover-leaf  weevil,  390  (see  Clover-bud  weevil). 

corn-stalk  borer,  300,  338,  339 

migratory  grasshopper,  329 


i  . — i  peaoh-tree  borer,  694,  599,  600 

Lethot  •  i  u    "in,  i ,,  ,n  ,, .,  190 

Lettuce,    134,    142,    146,    196,    198,  604,  508  615, 

700 
drop  disease,   730 

I  i  i  olose,  4  1 
Lice,  SO  (see  Louse). 
bark,  182 
bee,  22s 
bird,  19,  183 
biting,  183 
blood-sucking,  122,  192 

cattle,  786 
book,  182 
cattle,  784 
chewing,  19,  183 

of  geese,  812 
duck  chewing,  812 
dust,  182 
human,  849 
numbers  of,  852 

plant,  188,  442,  707  (see  Aphidt). 
poultry,  19,  817,  132 
sheep,  807 
Lice  and  weather,  818 
Life,  colonial,  181,  735,  740 
length  of,  138,  736 
origin  of,  153 
social,  181 
Life  cycle,  134 
Life  cycle  of  aphids,  442 
in  greenhouse,  707 
of  chinch  bug,  346,  347 
of  clover  seed  midge,  406 
of  Hessian  fly,  360 
of  insects,  130 
history  of  insects,  130 
stages  of  insects,  143,  145,  152 
Light,  cold,  44,  45 
Eight  oils,  250 

rays,  diffraction  of,  204 
traps,  263 
Lightning  beetles,  45,  196,  198 

-bugs,  45  (see  Lightning  beetles). 
Ligula,  113 
Ligyrodvs  rclictus,  194 
Ligyrus  gibbosus,  514,  515 
Lilac,  659,  673,  675,  723 

white,  675 
Lilac  borer,  661,  673,  674 
Lima  beans,  462,  70") 
Limacidae,  728 

Lime,   261,  262  473,  497,  559,  594,  614,  617,  651, 
728 
air-slaked,  766,  811 
hydrated,  241,  243,  453,  461,  605 
Lime  and  sulfur,  self-boiled,  243,  245 
Lime-sulfur,  242-249,  449,  542,  543,  545,  554,  555, 
584,  590,  592,  602,  614,  618,  653,  654,  655, 
676,  801,  806 
commercial,  245 
dilution  of,  247,  248 

table  of,  249 
dormant  strength,  248 
dry,  242,  243,  245,  247,  249,  713 
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I  inir  sulfur,   !  u< -I  u  »i  1<  •<  1 .  .'  I  B 

f«i|i:i:'-'    •  pi  I  V  ,     340 

history  of,  2  M 
home-boiled,  245,  246 
ho*  to  test,  247,  248 
liquid,  243  249 

M.  dry,  2  17 
itorage  of,  2 Lfl 
strength  <>f,  247 
nimmer  strength,  2 18 
w  inter  strength,  2 1 9 
1. mi. --sulfur  dip,  770 
water,  20] 

Lum  lapponica,  602 
•cripto,  002 

tn  inula-,  002 

Lindens,  134,  000,  «>«»«>,  t'>7.">,  f>77 
Lining,  eutioular,  91 
lAnoonatkua  onUut,  807 
ptdalit,  807 

rituli,  7S7 
Linoleum,  12 
Linseed  oil,  250 

raw,  775,  776,  785,  787,  799,  822 
I. ions,  ant-,   171.  201 

»phid-,  54,  55,  201 
Liotheids),  B19,  820 
Lip,  upper,  1 12 

Lip  botfly,  776,  779  (aee  Lipfly). 
eggs  of,  777 

fly,  768,  776,  779 

protector,  belting,  780 
urtM  bactUus,  820 

hetcroijrnphuK,  819 

polytrapezius,  812 

squalidus,  812 

variabilis,  812 
Liponyssidae,  815 
Liponyssus,  815 
Listronoius  latiusculus,  509 
Liquid  lime-sulfur,  242-249 

shellac,  44 
Lithocolletes  fragilella,  egg  of,  132 
Lithographic  ink,  42 
Litter,  cleaning  up,  802 
Little  black  ant,  217 

house  fly,  826,  855 

red  louse,  132,  781,  784,  785 
Liver,  absence  of,  88 

Livestock  production,  estimated  injury  to,  33 
Lizzards,  155 
Lloyd  Brothers,  46 
Lobelia,  51  1 

Lobsters.  77,  83,  162,  169 

Locust,   159,    173,    188,   553    (see  (Irasshopper  and 
I  rirada) . 

bjack,  660,  667 

honey,  660,  677,  685 

Rocky  Mountain, 

seventeen-year,    12,    130,    533    (see    Periodical 
rirada  ) 
1        ist  borer,  001,  667,  I 
Locustida,    17  1.    327.    329,    ill,    007,     see    Fsf- 

tigoniida). 
Locusts,  characteristics  of,  174 
Locomotion,  87,  100 


Log,  isit,  BIO 
i  ■  ganberry,  8 
Lombardy  poplar,  660,  I 

London  purple,  234,  237 

Lone  star  tiok,  81 1,  842 

Long-horned  beetles,  7,  199,  527,  665,  <;<;7 

borer,  injury  by,  7 

borer-.  7,    I'.t'i,  527,  660,  665,  667 

Bios,  227 

grasshoppers,  175 

-legged   Hies,   227 

-nosed  cattle  louse,  781,  786,  787 

ox  louse,  781,  786,  787 
scale,  647,  649,  704 
-sting,  62,  03 
-tailed  mealy  bug,  705 

Looper,  cabbage,  494,  498,  499,  717 

celery,  508 

Lora,  128,  189 
Loss  to  stored  foods,  28,  33 
Losses  due  to  sheep  tick,  803 
cattle  grubs,  792 
insect-borne  diseases,  33,  824 
Louse,  blood-sucking  body,  803,  807 
foot,  803,  807 
horse,  768,  774 
broad  pigeon,  812,  820 
chewing  cattle,  784,  785 

horse,  768,  773 
common  body,  820 
crab,  826,  853,  854 
head,  human,  826,  849,  850,  851 

poultry,  812,  817 
hog,  79,  797,  798,  799 
human  body,  19,  24,  122,  826,  849,  850,  851 

head,  826,  849,  850,  851 
large  body,  poultry,  812,  817,  819 
chicken,  812 
turkey,  812 
little  red,  132,  781,  784,  785 
long-nosed  cattle,  781,  786,  787 

ox,  781,  786,  787 
pubic,  826,  853,  854 
red-headed  sheep,  802,  807 
shaft,  812,  820 
ehort-nosed  cattle,  781,  786,  787 

ox,  781,  786,  787 
Blender  pigeon,  813,  820 

turkey,  812 
small  body,  820 
squalid  duck,  812 
strawberry  root,  641,  645,  646 
variable,  8  I  2 
wing,  812 
Louse  flies,  22s,  802,  803,  804 
-like  mites,  82",,  847 
mouth  parts,  122 
Low  temperatures,  203,  702 
Lower  lip,   1  10,   1  1  1 
LoxOHlitx   s  i  m  1  la  I  is , 

Lubber  grasshoppers,  1 10 

Lubricating-oil  emulsions,  2  12.  243,  250,  542,  .Ms. 

564,  655,  677,  692,  604 
Lucanidjs,  199 
Lueanut  elaphut,  1  (|7 
Luciferin,  45 
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Lueilia  aericata,  810 
Lungs, 

Lunule,  frontal,  227 

Luti,  F.  E.,  I 

Lyesenidii',  309 

Lycopkotia  margarito*a  taveia,  323,  .'{'J?,  428,  490 

LygaicUe,  1U1.  344,  366 

Lyyideu  mendax,  ">s;{ 

Lygua  pratenaia,  140,  44.">,  till 

Lj  mantriida,  209,  887,  890,  892 

Lyai (thlfbus  teataceipea,  63,  214,  368,  369 

Lysol,  845 

Lytta  vcstcatortu,  4,"> 


M 


MoCulloch,  J.  W.,  68,    527,  359,  361 
MaeGregor,  E.  A.,  1 18,  554 

Macaroni,  7.">3 

.Machine,  aphid-collecting,  457 

Maclnner\  ,  dusting,  290 

spraying,  278 

Machines,  collecting,  I'.'iO 

crushing,  230 

heat-treating,  204,  762 
Maerobasia,  392 
Mocrodoetylua  atibapinoaua,  625,  626 

Macrosi phonitlln  sanborni,  708 
Macrosiphum  granarium,  369,  370 

rosce,  708 
Mad  apple,  46 
Maggot,  apple,  277,  526,  584,  585 

cabbage,   195,  505,  506,  507 

Congo  floor,  85  1 

onion,  491,  492 

Sciara,  699,  720 

d-corn,  265,  298,  300,  301,  450,  472 

wheat-stem,  265,  354,  364,  378 
Maggot  traps,  263,  859 
Maggots,  225 

rat-tailed,  22,  826,  855 

sheep,  810 

wool,  810 
Maggots  in  sores,  802 

in  wool,  810 

in  wounds,  802,  810 
Magicicada  septendecim,  533 
Magnesium  arsenate,  234,  235,  237,  453 
Maize  billbug,  300,  342,  343 
Mtilacosoma  americana,  565 
Malaria,  24,  827 

bird,  829 

economic  loss  due  to,  33 
Malarial  mosquito,  24,  132,  828,  S30,  831,  832 

organism,  121,  155 
Male  gamete,  46 

insects,  100 

mosquito,  98 

reproductive  organs,  102 
Mallophaga,  19,  160,  171,  183 

characteristics  of,  184 
Malpighian  tubes,  89,  90,  91,  94 
Mammalia,  80,  155,  156,  160 
Mammals,  domestic,  767-823,  838 

insect  food  of,  276 

parasites  on,  228,  767-824 


Mammoth  clover,  400 

Man,  15   155,  769,  771,  77."),  782,  798,  801 
813,  816,  817,  824   861 
classification  of,  16  1 
Mandibles,  io<>,  no,  112,  117,  120,  121,  ui 

Mandibulars,    109 
Mange,  dressings  for,  776 

bog,  801 

wet,  776 

iptio,  775 
Mange  mite,  768,  775,  798,  800 

Mangels,  512,  515 

Mangoes,  513 

Mangy  animal.-,  disposal  of,  801 

Manter,  820 

Mantida,  characteristics  of,  I7t> 
Mantis,  praying,  79,   17t>,  177 
Manure,  chemical  treatment   of,  859 

daily  scattering  of,  859 

disposal  of,  772,  859 

storing  of,  859 
Maple  and  oak  twig  pruner,  ♦">*"»  t 

sap,  pests  of,  173 

scale,  cottony,  682,  676 
Maples,    131,  592,  660,  686,  672,  67."),  677,  679 
Margaropua  cmnvlatuai  24,  788,  789 
Marginal  vein,  189 
Margined  blister  beetle,  392 
Margins,  wing,  81 
Marguerite  fly,  699 
Marigold,  728 
Marlatt,  C.  L.,  837 
Marsupium,  726 
Materials  of  sprayer,  278 
Maternal  instinct,  1 1 
Mating  of  tree  cricket,  175 
Mattresses,  infested,  S17,  sis 
Maturation,  134 

Maxilla,  109,   112,  113,  117,  121,  122,  124,  126 
Maxillary  palp,  110,  113,  114,   121,  122,  126 
Maxillary  palpus,  114  (see  Maxillary  palp). 
May  beetles,  50,  306,  307,    133,  519 
wingless,  410 

-flies,  51,  66,  132,  171,  177,  178 
Meadow  lark,  food  of,  50 
Meadows,  draining  of,  770 
Meal,  756,  760 
Meal  mites,  825,  848 

moth,  Indian,  731,  760,  761 

worm,  dark,  733,  756 
yellow,  733,  756 
Mealy  bug,  116 

long-tailed,  705 

bugs,  12,  648,  656,  697,  704 
citrus,  656,  705 
short-tailed,  705 
Mealy  bugs  and  ants,  734,  7:5S 
Meaning  of  metamorphosis,  1  18 
Measuring  worm,  55,  215,  •">•">•">,  557 

moths,  209 
Meats,  73S,  751 
Mechanical  barriers,  435 

control,  229,  262 

exclusion,  229 

mixtures  of  sulfur,  245 
Meconium,  93 
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\l       !■•■  ■    .  160,  171,  201 
Median  cell,  -'I  I 

.-Ml 
Medical  entomology,  82  I 
M.  dioinc,  ins<  •.  48 

I  fie,    Ipts,  16 
Midi. nil'  from  tr:ill-.  16 
Mediterranean  flour  moth,  734,  759,  760 
Muj.u ■/,,/,.  220 
M<  gachilidn,  219 

irhyssa  lunator,  62,  (i.'l 

■r:  J,    .")7 

MtianoU sti s  picipe*,  837,  838 
Melanoplua  allanis, 

bivittatua,  XM 

differentialia,  328,  329 

fiiniir-ruhru  in,  329 

Melanoxtoma  mellinutn,  58 
Milnnnliis  cribulonu,  303 
fisniia,  30 1 

.  48,  220 
Melittia  aatyriniformis,  168 
Meloidss,  18,  198,  392,  174 
Melon,  142,  458  470,  174,  193,  712 
Melon  aphid,  110,  158,  464,  165 

worn i,    158,  470 
Melophagu*  minus,  803,  804 
MembracidsB,  188,  537 
Membracids,  1  s*i,  537 
Membrane,  basement,  72 

vitelline,  133 
Membranes,  foetal,  135 
Membranous  cuticula,  7_" 
Menopon  biteriatum,  819 

pallidum,   820 

Mental  processes  <>f  insects,  07 
Mentum,  113,  122,  128 
Mercurial  ointment,  821,  854 
Mercuric  bichloride,  507,  721,  728 
Mercury,  S21 

yellow  oxide  of,  85  1 
Merinos,  810 
Merodon  t  gut  etris,  7_M 
MeromyzQ  americana,  364 

■  eron,  89 
Mesoscutum,  189 
Mesothorax,  7(i,  77,  81 
Metabolism,  87 

Metal  strip  for  termite  control,  711 
Metallic  arsenic,  2.V2 

WOOd  borers.  198,  660,  664 
Mt  tall  us  ruin,  ti  10 

Metamorphosis,  complete,  141,  143,  144,  1 17,  152, 
193 

complex,  141  (see  Completi  metamorphosis). 

development  without,  139 

gradual,  139,  111,  142,  1  17,  152 

meaning  of,  l  Is* 

simple,  139    se<   Gradual  metamorphotit) , 
Metamorphosis  of  bulb  mite,  7_'i 

of  insects,  130 

Of  scale  in-.  ctS,   701 

7,  81 

Metcalf,  Z    P., 

'Metrionn  bicolur,    \^2,    IM 
Mexie:m  bean  beetle  l.  108,  110,451,  152 


Mexican  bedbug,  825,  837,  - 

chicken   bug,  s'-'-5 
Mice,  843 

14    i  ■'•  i  ntm  iii  laurifolium,  175 

Micro 

Microfilaria,  24     •>  •  I  Uaria  I 

Mieropyle,  I  •  I 

Midge,  chrysanthemum,  698,  718 

clover  seed,   382,  405,    106 
rose,  699,  719,  720 
wheat,  354,  365 

Midges,  in,  227 
Mid-intestine,  89,  90,  91 
Mignonette,  195,  198 
Migrants,  fall,  1 1 1 

spring,    1  I  1 

Migration  of  roaches,  743 
Migratory  grasshopper,  lesser,  .'529 
Milk  powder,  251,  748 
Milkweed,  64 
Milkweed  beetle,  blue,  64 

butterfly,  64 
Miller,  A.  E.,  746 

Millers,  203,  208  (see  Clothes  moths). 
Millet,  306,  318,  326,  333,  334,  :<57,  378 
Millipedes,  75,  162,  164,  434,   150,  727 
Mills,  heating  units  for,  702 

insects  in,  761 
Mimicry,  105 

aggressive,  105 

protective,  105 
Mineola  indigenella,  560,  561 
Miner,  asparagus,  516 

blackberry  leaf,  640 

chrysanthemum  leaf,  699 
Mineral  oils,  249,  251 
Miners,  leaf,  9,  495,  505 
Mining  bees,  219 

scale,  703 
Minnows,  top-feeding,  832 
,  Miridae,  191,  421,  445,  583,  611,  635 
Misbranding  insecticides,  273 
Miscible  oils,  242,  24 11,  251,  178,  577,  500,  502,  60.'? 

604,  676 
Mite,  bulb,  690,  723,  724 

chicken,  813 

clover,  523,  553 

cyclamen,  608,  725 

depluming,  813,  822 

European  red,  523,  554,  ~>r>r>,  61.'? 

feather,  811,  815 

follicle,  781,  788,  70S,  801 

itch,  20,  21,  77.".,  825,  848 

mange,  768,  775,  798,  BOO 

pear-leaf  blister,  523,  587,  590,  501 

poultry,  81  I.  813,  81  » 

red  spider,   110,  448,  523,  712 

roost,  811,  813 

ru.-t,  648,  658 

scab.    19,  768,  776,  7s  1,  788,  802,  805,  806,  807 

■oaly-leg,  21,  813,  821 

tropical  fowl,  167,  Bl  1,  815 
Mites,  24,  77.  83,  162,  166,  640,  845 

eh<  752 

momic  importance  of,    166 
flour.  733,  752,  826,  848 
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Mites,  gram,  control  of,  762 

ham,  733,  752 

harvest,  19,  825,  847 

louse-like,  825,  847 

meal,  825,  848 

odor  of,  751 
Mitet  ami  humidity,  712 

and  temperature,  712 

on  eitting  hens,  813 
Mixture,  Bordeaux,  260  (see  Bordeaux  mixture). 
Models,  insects  as,  36 
Moisture,  effect  on  insects,  274 
Molasses,  627 

black  strap,  238 
Mold,  sooty,  652,  857 
Mole  cricket,  79,  175 
Moles,  insect  foot!  of,  276 

Mollusoa,  44,  154,  155,  160 
Molluscoidea,  155,  160 

Molting,  91,   145,  536,  686 

fluid,  145 
Monarch  butterfly,  64,  81,  148 
Monarthrwn  malt,  532 
Moniliform  antenna,  S3,  84 
Monkeys,  850 

Mo/iomorium  minimum,  217 
M ono phadnoides  rubi,  637 
Monoxia  puncticollis,  larva  of,  146 
Morgan,  A.  C,  425 
Morning-glory,  320,  484,  485,  486 
Morning-glory  Ilea  beetle,  265 
Morphology  of  insects,  69 
Morrison,  Harold,  700 
Mosaic,  cucumber,  459 
Mosaic  diseases,  14 

vision,  99 
Mosaics,  442,  478 
Mosquito,  ^des,  828 

common,  828 

Culex,  828 

house,  829 

malarial,  24,  828,  830,  831,  832 

male,  98 

yellow  fever,  24,  828,  829,  831 
Mosquito  larva,  146 

venom,  16 
Mosquitoes,  119,  120,  171,  222,  227,  768,  781,  783, 
824,  827,  S2S,  829,  830 

Anopheles,  828 

antenna  of,  82 

dusting  for,  297 

enemies  of,  55 

estimated  loss  due  to,  33 

pairing  of,  99 
Moth,  Angoumois  grain,  733,  758 

bagworm,  104,  663,  681 

brown-tail,  18,  56,  274,  524,  663,  692,  693,  694 

buck,  18 

bugong,  52 

case-making  clothes,  104,  748,  749 

cecropia,  67,  98,  146,  150,  206 

codling,  111,  277,  525,  568-571,  587,  593 

diamond-back,  494,  500 

flannel,  18 

giant  silkworm,  206 

grapeberry,  619,  820,  621 


Moth,  gypsy,  56,  260,  277,  296,  524,  663,  690,  891 

bag,  18 

Indian  meal,  734,  760,  761 
io,   18 

legume-pod,  1 19 

leopard,  661,  672,  673 
Mediterranean  Hour,  734,  759,  789 
Oriental  fruit,  593,  50  1,  595,  608,  609,  610 
pea,  449,  450,  151 

plume,  64 

potato  tuber,  426,  471,  481,   172 
satin,  663 
silkworm,  37 
tapestry,  748 
tussock,  687,  688 
webbing  clothes,  748 
white-marked  tussock,  524,  663,  687 
Moth  cocoons,  104,  207 
flies,  227 
traps,  263 
Moths,  126,  171,  203,  207,  208,  209 
bud,  563  (see  Bud  worms). 
clothes,  31,  208,  732,  741,  748,  749 
feeding  habits  of,  126 
poison  baits  for,  239 
various  kinds,  208,  209 
wingless,  682 
Motion,  87,  100 
Motor  neuron,  96 
Mottled  poplar  borer,  661 

sweet-potato  beetle,  483,  484 
willow  borer,  661 
Moulting  fluid,  92 

Mountain  ash,  528,  529,  543,  544,  550,  660,  717 
barriers,  275 
goats,  843 
Mouse  nests,  219 
Mouth,  90,  110 
Mouth  hooks,  122 
parts,  108-129 

Anoplurous  subtype,  124 

bug  subtype,  124 

chewing-lapping  type,  126,  128,  210 

chewing  type,  112,  113,  123 

common  biting  fly  subtype,  119 

dipterous  subtype,  124 

flea  subtype,  125 

hemipterous  subtype,  124 

louse  subtype,  124 

Muscid  subtype,  124 

piercing-sucking    type,    115,    116,    118,    119, 

120,  121,  122,  124 
rasping-sucking  type,  123 
retractor  muscles  of,  128 
siphonapterous  type,  125 
siphoning  type,  126,  127 
special  biting-fly  subtype,  120 
sponging  type,  125,  126 
table  of,  123 
varieties  of,  120 
Moving  grain,  762 
Mud-dauber,  215,  218 
Muirixenos  dicranotropidis,  200 
Mule  killers,  176 
Mules,  767  780,  789,  796,  843 
estimated  injury  to,  33 
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Mullen,  t  if.,  172,  612,  826 

M uri/diitiii  hiatronioa,  501,  502 

Musi  a  ilmm  stun,  24,  855,  B57 

Muscid  subtype  of  mouth  parts,  L24 
Musoida,  L25,  L26,  228,  595,  770,  782,  810,  885, 
854,  855 

Muscles,  94,  100,  108 

Dumber  in  insect  body,  100 

of  mouth  parts,  122,  128 

wing-shaped,  103 
Museum  beetles,  732,  746,  747 

pests,  732,  746,  747 

specimens,  760 
Mushrooms,  pests  of,  173 
Muskmelons,  313,  434,  458  470 
Mustard  insects,  19 1  508 
Mustard,  wild,  198,  503,  504 
Mutillids,  218 
Mutualism,  12,  315 
Muzzles  for  flics,  263,  780 
Mycetopbilidsa,  227,  720 
Myiasis,  854 

cutaneous,  21 
MylabridsB,  199,  (08,  763,  764 
Mylabria  chin  en  sis,  408,  765 

i'1'tfctus,  765 

jiisorum,  763 

quadrimaculatus,  408,  765 

rufiimin  us,  764 

Myrientomata,  162 
Myrmeleon,  201 
Myzua  persicce,  512,  610 

ribis,  634 

rosarujn,  708 

N 

Nabidse,  101 
Nagana,  2  1 

Names,  approved  list,  159 
common,  158,  159 
scientific,  159 

how  to  write,  161 
Naphthalene,  253,  262,  527,  747,  749,  841 
Narcissus,  722,  723 
Narcissus  bulb  fly,  699,  721 
Narrow-leaved  plantain,  545,  547 
Nasturtium,  495,  498 
Natural  classification,  154 
control,  230,  273 

value  of,  276 
enemies,  control  by,  275 
>uragement  of,  268 
introduction  of,  57,  61,  268,  269,  692 
selection,  70,   153 
Necrophoriu  marginatue,  L96 
N<  ctar,  10,  41,  47,  48,  770 

Negative  phototropism,  181 

Negro  bug,  500,  511 

■  in  albilint  n,  371 
Nemathelminthes,  22,  75,  155,  160,  829 
Nematod  i,  829 
Nematodes,  700,  728 
Nemoct  ra,  227 

Neodiprion  lecontei,  larva  of,   1  16 
tfeophylax  concinnus,  pupal  case  of,  150 


Nephdodet  emmedoniOi  3J2,  323 
Nepidie,  191 

Nerve,  90,  99 

ani ennal,  90 

ocular,  (.I0 

sympathetic,  90,  94 
Nerve  sells,  98 
fibers,  97,  99 

Nervous  system,  90 
sympathetic,  97 
Nests  of  insects,  12,  138,  182,  218,  219,  564,  566, 

737 
Nestlings,  food  of,  27* I 
Nets,  770 
Nettle,  bull,  326 

horse,  425,  472,  480 
Nettling  caterpillars,  17,  827 

hairs,  17,  92,  104,  692 
Neuralgia,  45 
Neuron,  96 
Neuroptera,  160,  171,  201 

characteristics  of,  201 
Neurotoma  inconspicun,  613 
New  Jersey  dry-mix,  245 
New  York  weevil,  521,  532 
Newcomer,  E.  J.,  554 
Newspaper  in  baits,  238 
Newts,  insect  food  of,  276 
Nezara  hilaris,  nymph  of,  140 
Nicotine,  240,  259,  418,  444,  505,  550,  552,  592 

dust  form,  241 

free,  240 

how  to  use,  259 

toxic  dosage,  241 

variation  in  content,  241 
Nicotine-and-sulfur  dip,  806 

as  a  fumigant,  244,  253 

dips,  785,  808 

dusts,  241,  244,  296,  440,  445,  447,  457, 
479,  513,  548,  590,  611,  614,  629, 
709 

for  greenhouses,  253 

fumigation,  259,  711,  715,  719 

oleate,  706,  710 

sulfate,  240,  242,  243,  443,  445,    Oil. 
479,    494,    511,    518,    548,    584, 
614,  628,  635,  636,  655,  709,  719, 
Nightshade,  425,  513 
Nine-spotted  lady  beetle,  57 
Nitrobenzene,  260 
"Nits,"  192,  804  (see  Eggs). 
Noctuidse,  209,  318,  321,  337,  350,  370, 
397,  398,  416,  426,  427,  428,  434, 
498,  574,  716 
Nocturnal  insects,  106 
No-cotton  belt,    l_'l 
No-see-ums,  825,  834,  - 
Nomadida?,  21(.i 
Nomenclature,  binomial,    159 
Non-arsenical  stomach  poisons,  237 
Northern  cattle  grub,  701 

corn  root  worm,  31.  265,  299,  310,    159,   161,  519 

hornworm,  429,  488,  189 
ox-warble  By,  782,  791 

Norway  maple,  660,  677 
Nose  botfly,  776,  779 


461,466, 
635,  636, 


461,  168, 
590,  till, 
725,  726 


371,  395, 
190, 
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Nose  fly,  sheep,  803,  808 

■rils,  03 

Notodontidas,  101,  209,  566,  68  i 

Notonectida',    191 

Noaalee,  383,  285  290,  413 

Nucleus,  fusion,  134 
N  ueleua  of  egg,  133 
Number  of  OggB,   136 

of  insects,  170 

of  lice,  8 

of  muscles  in  insect  bodj  ,   LOO 

of  species,  171 

of  wings,  171 
Nursery  inspection,  272 

stock,  shipping,  271 

estimated  damage  to,  33 
Nutrition,  87,  88 
Nuts,  755,  760 

gall,  46 

treatment  of,  762 
Nuttall,  G.  H.  F.,  850,  861,  852,  853 
Nygmia  phaeorrhoea,  692,  694 
Nymph,  shell  of,  536 
Nymphal  skin,  536 
Nymphalidse,  209 
Nymphs,  140,  141 

apple  aphid,  548 

characteristics  of,   1  17 
Nymphs  vs.  larvae,  147 

O 

Oak,   134,  532,  565,  573,  660,  666,  672,  676,  685 
Oak  and  maple  twig  pruner,  664 

apple,  large,  9 

gall,  spiny,  9 

spangles,  9 
<>at  aphid,  549  (see  Apple  grain  aphid). 
Oats,  326,  345,  357,  359,  364,  366,  377,  474,  485, 

717,  753 
Oats  crop,  estimated  annual  loss,  32 
Obligatory  parasite,  53 
Oblique-banded  leaf  roller,  61)8,  716 
Obsolete-banded  strawberry  leaf  roller,  642 
Occipital  foramen,  109 
Occiput,  109,  110 
Ocean  barriers,  274 
Ocellar  basin,  211 
Ocelli,  84,  85,  100,  109,  110,  205 
Ochrosidia,  723 
Ocular  nerve,  90 
Odonata,  54,  160,  171,  179 
Odor  of  mites,  751 

of  roaches,  176 
Odorous  house  ant,  736 
Odors,  insect,  15,  18,  92,  104 
(Ecanthus  nigricornis,  637 

niveus,  142,  637,  639 
(Eciacus  vicarius,  823 
(Ecophoridae,  509 
(Edema,  46 
(Enocytes,  95 

CEstridse,  228,  776,  779,  791,  808,  854 
(Estris  ovis,  808 
(Esophagus,  89,  90,  91,  it  1 

bots  in,  794 
Oil,  anthracene,  814,  815 


Oil,  oaator,  363 

commercial  pine-tar,  797 

corn,  350 

cottonseed,  799 

crank  0846,  79'.) 

creosote,  803,  817,  823,  841,  860 

crude,  250,  79'.),  833 

Bah,  350,  363,  770,  772 

fuel,  250,  700 

lemon,  262,  713 

linseed,  250 

miscible,  242,  243,  251,  478,  "'77,  500,  503,  603, 

604,  676 
olive,  849,  852,  8/ 
paraffin,  650 
phinotas,  834 
pine,  262 

raw  linseed,  775,  776,  785,  787,  799,  822 
red,  706 

repellent,  770,  773,  832,  834,  sir, 
white,  726 
Oil  emulsion,  242,   243,  250,  445,  545,   577,  500, 
602,  650,  652,  658,  677,  678,  726,  791 
Bordeaux-,  492,  514 
distillate,  250,  251,  655 
lubricating,    250,    542     (see    Lubricating    oil 

emulsions) .  ' 

refined,  545,  656 
summer,  656 
white,  242 
Oil  of  cedar,  832 

of  citronella,  262,  832 
of  creosote,  802,  817,  823,  841,  860 
of  geranium,  606,  607 
of  lemon,  262,  713 
of  pennyroyal,  262 
of  rosin,  262 
of  tansy,  262,  317 
of  tar,  262,  776,  832 
Oilers  for  hogs,  800 
Oiling  water,  832 
Oils,  249,  493,  625,  799,  832 
animal,  250 
commercial,  542 
crude,  250,  799,  832 
fuel,  250,  799 
heavy,  250 
light,  250 
mineral,  249,  25l 
miscible,  251  (see  Miscible  oils). 
repellent,  770,  773,  832,  834,  845 
sulfonated,  653 
vegetable,  250,  251 
Oils  for  barriers,  262 
Ointment,  murcurial,  821,  854 
sulfur,  822,  849 
zinc  oxide,  853 
Ointments,  cooling,  848 
Okra,  412,  419,  464,  502 
Oleander,  652,  703,  704,  706 
Oleander  scale,  700,  701 
Oleate,  nicotine,  706,  710 

sodium,  606 
Oleic  acid,  706 

Oleoresin  of  pyrethrum,  478,  606 
Olethreutida?,  403,  563,  564,  568,  573,  608,  619 
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Olive,  "i" 

( »li\  c  grasshopper,  329 

ml,  B49,  852, 
Ommatidium,  99 

Oncitlirts  riniinl'il'i,  864 

Onion,  132,  1 18,  174,  491  494,  722 
Onion  crop,  estimated  annual  loss,  32 
maggot,  491.  192 

(  Miiscida1,   726 

Ootheoa,  178,  742 
Open  oell,  si 
( Ophthalmia,  868 
Opticmtet  personatus,  837 

Orach,    121 

Orange,  oaage,  639,  677 

Orange  crop,  estimated  annual  loss,  :52 

insects,  647-658 
Boale,  701 

(  'ranges  in  baits,  238 

i Orchard  duster,  205 
practice,  5N6 
sanitation,  580,  582,  605 

-prayer,  282 
Orchestra  pallicornis,  558 

Orchids,  706 

Order,  156,  161,  171 
Orders,  relative  size,  160 
Orders  of  Araehnida,  162 

of  insects,  160,  170,  171 
( Organ  systems,  87 

Organic  substances  injured  by  insects,  26 
Organs  of  bearing,  98 

of  smell,  114 

of  taste,  114 
Organs,  orienting,  222 

reproductive,  102 
Oriental  fruit  moth,  593,  594,^95,  608,  609,  610 
baits  for,  239 

plane,  660 

roach,  742 

sore,  836 
Orienting  organs,  222 
Origin  of  life,  153 
Ornamental  shrubs,  596,  610 
Ornaments,  insects  as,  45,  67 

Ortnthodorus   megnini,  791  (see  Olobius  megnini). 
Ortheaia,  egg  sack  of,  707 

greenhouse,  697,  707 
Ortheria  insignis,  707 
Orthomorpha  gracilis,  727 
Orthoptera,  160,  171,  173 

characteristics  of,  174 

families  of,  174-177 
(  'rthorrhapha,  225,  227 
Oryzccphilus  surinamensis,  755 

■   orange,  -"WW,  677 
Osborn,   Herbert,  vi 
Oecinidae,  228,  364 
Dsmateria,  208,  610 

dds,  757 
Otobius  im  gn  in  1,  791 
Outbreak-,  insect,  scouting  for,  207 
Outline  of  control  measures,  229 
Ovarian  tubes,  101,  102 
Ovaries,  101,  102 


( Overflow  w  orms,  31 2 
( Overproduce  ion,  69,  70 
Overstuffed  chair,  injury  to,  31 
Ovi.nh  ,  168,  690 
Oviducts,  101,  102 
( Oviparous  female,  1 36,  316 
Ovipositor,  78,  101,  102 
OvoviviparouB  female,  316 
reproduce  ion,  l  '5">,  1 36,  1 1 1 

Owlet    moths,  209 
Ox  lice,  781,  786,  7X7 

warble  flies,  15,  781,  782,  791 

warbles,  20,  21,  252,  791 
as  food,  62 

Oxidation,  SS 

( Oxide,  arsenic,  2157 

arsenious,  2ii  1,  2:5*1 
Oyster-shell  scale,  apple,  522,  644 

scales,  116,  662,  675 
Oysters,  155 


Pachynematus  extensicornis,  373 

Packing  of  plunger,  283 

Paddock,  F.  B.,  465 

Psedogenesis,  226 

Painted  lady,  65 

Pairing  of  mosquitoes,  99 

Pale-striped  flea  beetle,   265,   298,  302,  303,  439 

Pale  western  cutworm,  321,  322,  354 

and  weather,  277 
Paleacrita  vernata,  555,  556 
Palm  scale,  701 
Palmer  worms,  525 
Palms,  703,  704,  712 
Palpi  (see  Palps). 
Palpifer,  113 
Palpiger,  113,'  128 
Palps,  labial,  122 

maxillary,  122,  126 
Pancreas,  88 
Panorpa  rufescens,  201 
Papaipema  nebris  nitela,  64,  337 
Paper,  742,  744 

tar,  573 
Paper  birch,  665 

-nest  wasp,  216,  218 
Papilio  polyxenes,  208,  510 

zelicaon,  510 
Papilionaceas,  252 
Papilionidae,  209,  510 
Papirus  maculosus,  173 
Paradichlorobenzene,  253,  259,  698,  610,  7  17.  749 

as  a  household  fumigant,  260 

as  a  soil  fumigant,  260 

dates  for  applying,  698 

for  peach-tree  borer,  280,  598 

how  to  apply,  598 

properties  of,  260 
Paraffin  oil,  850 
Paraglossa,  127,  128 
Paralysis  caused  by  tick,  19,  811 

infantile,  771 
Paralyzed  insects,  -'  1  5 

Paralyzing  Sting,  21<*> 

Paramcecium, 
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I'uasita,   102  (see  A  nti[>lura) . 

Parasite,  braoonid,  62 
ehineh  bug  egg,  til 
egg,  320 

facultative,  53 

hymenopterouB,  .">  10 
iohneumonid,  *>— 
obligatory,  53 
permanent,  53 

primary,  53 

quaternary,  53 

secondary,  53 

taohinid,  318 

tertiary,  53 

transitory,  53 

wasp-like,  683 
Parasites,  36,  52,  59,  60,  209,  220,  437,  456,  490, 
689 

blood,  784 

control  by,  269,  437 

vnii,  59 

entomophagous,  53,  59 

establishment  of,  270 

external,  19,  192 

fluctuation  of,  260 

human,  S24   860 

importation  of,  61,  269,  692 

internal,  19,  20 

phytophagous,  53 

success  of  introduced,  270 

transitory,  2  1 

tu  isted-wing,  171,  199 

zoophagous,  19,  53 
Parasites  of  chinch  bug,  61 

of  cutworms,  277 

of  green  bug,  368 

of  gypsy  moth,  692 

of  hornworm,  490 

of  imported  cabbage  worm,  61,  498 

on  mammals,  22S,  767-855 
Parasitic  bees,  219 

insects,  52,  225,  230,  269 

wasps,  53,  88,  498 
Parasitism,  53,  684 
Paratetranychua  eitri,  554,  654 

pilosus,  554,  555 
PardianlomeUa  ibattni,  pupa,  148 
Parental  care,  138,  210 
Parenthesis  lady  beetle,  57 
Paria  canella,  643,  644,  717 

Paris  green,  234,  235,  236,  237,  238,  319,  331,  425, 
472,  473,  711,  727,  832 
history  of,  236 
Parlatoria  pergandei,  703 
Parsley,  498,  510,  51  t 
Parsnip,  wild,  509,  612 
Parsnip  webworm,  508,  509 
Parsnips,  434,  508-515 

Parthenogenesis,  36,  131,  135,  185,  213,  444 
Parts  of  insect  egg,  133 

of  sprayer,  283 
Paste,  744 

Pasture  rotation,  791,  806 
Pasturing,  394 

with  sheep,  847 
Patch,  Edith  M.,  465 


Pathogens,  methods  ot  transmission,  23 

Patton,  W.  s  ,  i_m 

I'    I  >    B.,  253  in  i  Paradichlorobi 

P,a  aphid,  :.,  ■>'■>,  265,  .581,  'MH,  449,  455,  456,  70s 

crop,  estimated  annual  loss,  32 

moth,  149,  450,  ir.i 

weevil,  199,  149,  734,  763,  761 
Peach,  iiti,  530,  532,  539,  653,  551,  565,  •".7.5,  578, 

12,    594  612,  626,  638,  677,  685,717 
Peach  aphid,  black,  595,  610 
green,  512,  595,  610 

borer,  hatching  of,  137 

crop,  estimated  annual  loss,  32 

stop-back,  611,  612 

-tree  bark  beetle,  594,  602,  603 
borer,  594,  595,  596,  597,  598 
lesser,  594,  599,  600 

twig  borer,  594,  601 
Peaches,  dusting  of,  296,  297 
Peacock,  A.  D.,  122 
Peanut,  338 

Peanut  crop,  estimated  annual  loss,  32 
Pear,  528,  532,  539,  543,  544,  545,  549,  550,  553, 
554,   560,   567,   568,   57:5,   578,   583,   586-593, 
605,  608,  615.  616,  618,  626,  652,  677,  688 
Pear  crop,  estimated  annual  loss,  32 

-leaf  blister  mite,  523,  587,  590,  591 
spray  for,  249 

psylla,  140,  587,  588,  589 

slug,  111,  148,  213,  587,  615,  616,  617 

thrips,  18.".,  587,  592 

-tree  borer,  sinuate,  587,  588 
Pears  resistant  to  scale,  587 

Peas,  301,  302,  338,  384,  396,  432,  434,   112,  449- 
457,  460,  462,  474,  478,  498,  754,  763   766 

sweet,  456,  712,  714 
Pecan,  685 

Pectinate  antenna,  83,  84 
Pectinophora  gossypiella,  418 
Peddlers,  485  (see  Sxveet-potato  beetles). 
Pedicel,  83,  203,  211 
Pediculidse,  193,  849,  853 
Pediculoides  ventricosus,  847 
Pedieuloididae,  847 
Pediculus  humanus,  24,  851 
capitis,  849 
corporis,  849 
Pedipalps,  167 
Pegomyia  hyoscyami,  513 
Pellagra,  833 
Pemphigus  betce,  515 
Penetration  of  fumigants,  253 

of  skin  by  cattle  grub,  794 
Penis,  90,  101,  102 
Pennyroyal  oil,  262 
Pentasulfide,  calcium,  246 
Pentatomidse,  191,  463,  501 
Peony,  626 

Pepper,  31,  425,  445,  472,  478,  626,  745,  754 
Pepper  grass,  464,  498 

tree,  652 
Peppers,  488 

Percentage  of  infestation  by  Hessian  fly,  268 
Periodical  cicada,  11,  12,  118,  130,  140,  521,  633, 
536,  637,  664 
distribution  of,  534,  535 
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Periodioal  <  i  ■  ■  ■  i « 1 . » .  egg  laying  of,  11,  12 

hatohing  of,  137 

mout  b  parts  of,  i  L8 
Peripatus,  162 

l'i n  1'ldni lit  americana,  7  I l*.  743 
l'ulti  imntarginata,  enn.  132 
Permanent  parasite,  53 
Persian  insect  powders,  2 1 I 
Persistence  of  insects,  7 1 
Peru,  balsam,  849 
Petal-fall  spray,  586 
Petiolata,  217 

Petroleum,  250,  799,  800,  8]  I,  815,  822,  823 
Petunia,  172 
Pbalangida,  162 

oharacteristica  of,  168 
Pharoah's  ant,  731,  734,  735 
Pharyngeal  sucking  tube,  122 
Pharynx,  89,  90,  91,  94,  117,  122 
Phasmide,  characteristics  of,  170 
Phenol,  780 
Philonix  prinoides,  '.• 
Philopteridss,  820 
Phinotas  oil,  834 

I'hhjrtii  nin  firr ui/dl is,  71 

Phonograph  records,  i_' 
Phormia  regina,  810 

/.  rr.n  -iiinut  ,   L'I 
Phorodon  hum  id  i,  013 
Phosphorescence,  1 1 

P  hot  ni  Us,     to 

teintHlant,  196 

Photogenic  tissues,  4.3 
Photographs,  injury  to,  30 
Photography,  use  of  fireflies  in,  45 
Photomicrographs,  85 
Phryganea  vestita,  larval  case  of,  150 
Phthirius  pubis,  853 
Phthorimcea  operculella,  426,  481 
Phthorophlocus  liminaris,  602,  603 
Phyla,  animal,   154,   155,  160 

relative  size,  160 
Phyllophaga,  306,  358,  433,  646 

rugosa,  307 
Phyllotreta  nrmoraciac,  438,  439 

pusilla,  326 

xittata,   138 

:i  iiiiiimntiii/ii,  438 

Phylloxera,  grape,  268,  619,  629,  631 
Phylloxera  nails,  620 
Phylloxera  vitifolice,  629 
Phylloxeridas,  629 

Phylum,    161 

Phylum  Arthropods,  162 
Phymata  <  roso,  191 
Phymatidas,  191 
Physical  harriers,  262 

control,  229,  262 
Physiology,  insect,  36,  87 

ephala  affinit,  226 
PhyBopoda,  185  (see  ThyaanoptBra). 
Phytomyza  chryaanthemi,  •'•'.•'.» 
Phytonomut  niorirostri*,  390 

.  387 
Phytophaga,  199 
Pkytophaga  <!•  ttructor,  350 


Phj  tophagou    parasite 

Picking  h.\  hand  (see  Hand  picking) 

Pickle  worm,  158,  463,  169 

Pit  rids),  209,  393,  196,  501 

.  \s  ing  huils  of,  m; 

olt  nn  i  a ,   ..ill 

protodu ■< ,  50 1 
rapes,  495,  196,  197 
Pit  roing-sucking  in  eots,  injury  by,  4,  ti 

mouth  parts,  115,   116,   lis,   119,    120,   121, 
122,  124 

n   rim  /-.  n,   ti  1 

Pigeon  bug,  European,  - 
louse,  broad,  812,  820 
slender,  813,  820 

tremex,  02,  63,  212 

Pigeons,  818 

Pit;s,  guinea,  771,  821,  830,  843 

Pigweed,  64,  302,  333,  396,  464,  170,  511 

Pillbug,  169,  099,  726 

Pilocrocia  tripunctota,  183 

Pin,  disgorging,  288 

-hole  borers,  521,  532 
Pinch  method  of  dusting,  821 
Pinching  bug,   16 
Pine,  660,  678 
Pine-bark  aphid,  062 

cone  gall,  9 

leaf  scale,  662,  678 

oil,  262 

tar,  770,  780,  800,  810,  811 
oil,  commercial,  797 

weevil,  white,  661 
Pink  bollworm,  148,  409,  418,  419,  420 

eradication  of,  420 
Piophila  casei,  751 
Piopilidse,  751 
Pipe,  discharge,  283 
Pipe  method  of  sterilization,  729 
Piroplasma  bigeminum,  788 
Pisces,  155,  160 
Pissodes  strobi,  661 
Pistol  case-bearer,  150,  523,  561,  562 
Pistons,  283 
Pith  worms,  423 

Place  of  insects  in  animal  kingdom,  153 
Placenta,  135 
Plane,  American,  060 

oriental,  660 
Plague,  bubonic,  24,  836,  839 
Plagues  of  insects,  69 

Plant  bug,  four-lined,  631,  634,  636,  712 
southern  green,  ecn,  132 

tarmslud,  14,65,  116,  110,445,  147,595,611, 
612,  712 

diseases,   carried   by   insects,    13 

-eating  beetles,  199 

buns,  terrestrial,   191 
feeders,  268 
kingdom,  154 

lice,  112,  7d7  Aphid*). 

quarantine,  act  of  1912,  271 

Plantain.    128,    17-. 

narrow-leaved,  •">  15,  •">  17 
Planthopp,  rs,   188 
Planting,  early,  339,  344,  116,  116,  126,  169,  512 
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Planting,  late,  327,  107,  153,  188 

time  of,  3  >  I,  519 

\  ariatiom  in,  -';>o,  267 
Plants,  fumigation  of,  257 

garden,  890 

Screening    Of,     lli  1 

Plasmodium,  827 

I'lasinodium  malaria-,  '_'  1 

quotulianum,  _'  I 

vioax,  24 
Plasticity  of  insects,  71 

Platht/petta  scabra,    144,  .'51).") 

Platyhelminthes,  155,  160 
PlatyptUia  earduidaetyla,  04 
"Playing  'possum,"  n>.">,  342,  511 
Plecoptera,  100,  171,  180 
Pleura,  75 

Plodia  inter punctella,  700,  701 
Plowing,  200,  362,  385,  387,  415,  453,  189,  198, 
olean,  330 

fall,  324,  331,  340,  312,  372,  3S3,    110,    151, 

Bummer,  362,  368,  376,  432,  435 

winter,  339,  344 
Plum,  530,  532,  539,  544,  553,  564,  559,  500, 
663,  565,  566,  573,  578,  584,  592,  596, 
001,   002.   805,   00S,   tilt),   til  2   till,   til."), 
018,  025,  638,  642,  077,  088 
Plum,  wild,  500,  599 
Plum  aphid,  rusty,  012,  613,  til  1 

curculio,  13,  525,  577,  578,  579,  595,  604, 
613,  014,  015,  618 
egg-laying,  11,  12,  130 
Plume  moth,  64 
Plumose  antenna,  83,  84 
Plunger,  283,  284 
Plunger  dusters,  292 

packing,  283,  284 
1'lutella  maculipennis,  500 
Plutellid  moths,  208 
Plutellidie,  208,  500 
Pnyxia  scabiei,  472 
Podosesia  syringce,  073,  074 
Pod ura,  139 

PcBcilucapsus  lineatu8,  035,  636 
Poetry  of  insects,  36,  07 
Poinsettias,  7()ti 

Poison  baits,  237,  238,  239,  418,  434,  435,  441, 
Poison-bran  bait,  319,  323,  325,  331,  371,  398, 
429,   137,  519,  568,  608,  71ti,  727 

syrups,  415,  73S,  739 
Poisoning  honeybees,  571 

sap,  120 
Poisonous  insets,  IS,  22 
Poisons,  contact,  229,  240,  242,  243 

stomach,  229,  231,  234.  235 
Poisons  for  chewing  insects,  234,  235 

for  insects  in  enclosures,  253 

for  soft-bodies  insects,  242,  243 

for  sucking  insects,  242,  243 
Pokeweed,  448 
Polar  bodies,  133 
Poliomyelitis,  771 
Polishes,  42 
Polistea,  216 
Pollen,  47,  48 
Pollen  basket,  18,  79,  218 


Pollen  brush,  17,  79,  219 
Pollination,  !•'>,  47 
Pollinisers,  inseota  as,  35,  46 

Pollution  o(  streams,  ~>i 
Polyehrotit  riteana,  619 

Polyembryony,  213 
J'oli/iihai/a,    198 

Polysulfldes,  246 

Pomace  fly,  36,  07,  228,  856 

Pompilida,  218 

Pa  pill  ia  japoniea,  353,  605,  tint; 

Poplar,  431,  170,  565,  592,  860,  tititi,  t;77,  679 

Poplar  borer,  861,  t>titi 
mottled,  titil 
leaf  beetle,  662 

Poppy,  020 

Porcellio  la-vis,  720 
Porifera,  155,  100 
772         Porosaurotis  arthaaonia,  322 

Portschinsky,  J.,  809,  810 
490         Porthetria  dispar,  690,  091 
Post-alar  callosity,  222 

-embryonic  development,  135 
562,  -hole  traps,  349 

599,         Postclypeus,  109 
blO,         Posterior  cells,  211 
orbit,  222 
Postgena,  110 
Postscutellum,  70 
012,        Pot  method  for  hydrocyanic  acid,  256 
Potassium  cyanide,  256,  257 

sulfide,  245,  449 
Potato,   301,   302,   303,   307,   313,   421,   425,    13  1. 
435,  442,  445,  440,   402,   471-487,  488,   498, 
502,  513,  514,  552,  027 
sweet,  326,  382,  432,  435,  445,  474,  478,  482  487 
Potato  aphid,  116,  471,  478,  479,  488 

beetle,    Colorado,    4,    05,    111,    230,    275,    471. 

472,  473 
blight,  13 
bug,  472  (see  Colorado  potato  beetle). 

old-fashioned,  474 
crop,  estimated  annual  loss,  32 
flea  beetle,  111,  437.  440 
leafhopper,  475  (see  Apple  lea/hopper). 
tuber  moth,  426,  471,  472,  481 
045  tubers,  432 

407,  scab  gnat,  472 

stalk  borer,  471,  480 
Potatoes,  dusting,  293 

spraying,  478 
Potherb  butterfly,  501 
Pottery,  42 
Poultry,  811  823,  838,  845 

housing,  817 
Poultry  house,  cleaning  up,  814 
construction  of,  815,  817 
spraying  of,  823 
lice,  19,  132,  817 
mite.  811,  813,  814 
Powder,  pyrethrum,  244,  716,  742,  744,  805,  837, 

860 
Powdered  tobacco,  242 
Power  sprayers,  2cSl,  282 
Practices,  cultural,  482 
farm,  230,  284 
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Praying  mantis,  70,  I7f>,  177 

Preclypeiis,   LOQ 

Predaoeoua  beet  les,  1 08 
bugs,  191 
diving  beetle,  79,  198 

ins,. els,  52,    226,    280,  269 

Predators,  ;5<>.  52,  54,  59,  466 

importation  «>f,  57 
Predicting  batoning  of  oodling  moth,  277 

insect  outbreaks,  277 

cut  worm  outbreaks,  277 
Preparation  of  building  for  fumigation,  254 
Prepupal  period,  151 
Prescutum,  76 
Pressure  gage,  283 

in  spraying,  279 
PreBtomal  teeth,  120 
[Preventing  damage  in  greenhouse,  690 
Prey,  insect,  53 
Price  of  contact  poisons,  242 

of  stomach  poisons,  234 
Prickly  pear,  45 
Primary  parasite,  53 
Primates,  156 

Primrose,  evening,  421,  645 
Prionoxystus  robiniae,  671,  672 
Prionus,  corn,  299 
Prionus  laticollis,  larva,  146 
Privet,  651 

Proboscis  of  Lepidoptera,  126,  127 
Proctodeum,  89 
Prodenia  ornithogalli,  398 
Profits  from  spraying  potatoes,  478 
Progeny  of  a  pair  of  flies,  139 
Prolegs,  77,  94 
Prominents,  209 
Propleura,  189 
Prosimulium  pecuarum,  833 
Prosopidse,  218 
Protection,  87,  104 
Protection  for  pupa,  149,  150 
Protective  behavior,  104 

coloration,  104,  105 

construction,  104 

form,  104 

mimicry,  105 

positions,  104 

reaction,  104 

resemblance,  105,  176 

size,  104 

structures,  104 
Protectors,  for  flies,  780 
Prothorax,  76,  77 
Protojxirce  quinquemaculata,  429,  488,  489 

sexta,  429,  488,  489 
Protoplasm,  87,  88 

Protozoa,  23,  44,  88,  1.")."),  160,  182,  788,  827,  855 
Protozoal  diseases,  230 
Protractor  muscles,   I-'-' 
Protura,  171 
Proventrieulus,  89,  91 
Prune,  638,  5:w,  578,  592,  696,  I 
Pruning,  230,  426,  637,  553,  tit,;,,  666,  867,  670, 
t;7:i,  679,  687,  995 

I'riiu  its,  596 
Psalln*  teriatus,  421 


/(-/,  666,  705 
gahani,  666 
longirpintu,  666,  705 

iitnriti  in  us,  706 

Pseudopupa,  474,  475 
Pseudoscorpions,  162 
Pseudotrachea,  125,  126 

J'silu  ro§CB,  oil 

Psilida),  514 

Psocoptera,  182  (see  CorroderUia). 

Psoroptes  communis  bavin,  77(1 

avis,  806,  808 
Psoroptic  scab,  788 
Psoru.sina  hammuiul i ,  569,  560 
Psychiche,  208,  681 
Psychodidce,  227 
Psychology,  insect,  36 
Psylla,  pear,  587,  588,  589 
Psylla  pyricola,  140,  588,  589 
Psyllia  (see  Psylla). 
Psyllidae,  188 
Ptera,  82 

Pteromalus  puparum,  61,  498 
Pteronidea  ribesii,  633 
Ptilinum,  228 
Pubic  louse,  826,  853,  854 
Public  towels,  852 
Puff  duster,  293 
Pugnacious  insects,  105 
Pulicidae,  221,  839 
Pulling  feathers,  822 
Pulmonata,  728 
Pulvilli,  76,  79,  222 
Pulvinaria  vitis,  676 
Pump,  barrel,  281 

bucket,  280,  281 

double-acting,  tank,  281 

horizontal  tank,  282 

salivary,  118 

pharyngeal,  91 

two-cylinder,  282 
Pump  for  cattle  grubs,  795 

outfits,  traction-driven,  290 
engine-driven,  282 
Pumpkin,  302,  445,  458   470,  471 
Punkies,  825,  834,  835 
Pupa,  36,  143,  148,  150,  152,  213 
Pupae,  how  protected,  149,  150 
Puparium,  150,  151,  225 
Pupipara,  228 
Purple,  London,  234,  237 
Purple-backed  cabbage  worm,  501 

scale,  647,  649 
Purslane,  64,  302 
Pyralid  moths,  209 
Pyralidkue,  209,  324,  333,  338,  339,  396.  428,  468, 

470,  559,  560,  0:<7,  714,  716,  759,  760 
PyrausUi  nubilalis,  333 
Pyrethrum,  242,  244,  808,  841 

oleorcsin,    178,  608 

Pyrethrum  extract,  2 1 1 

l-ovsder,  TIC.  742,  714,  Mi.-.,  -    7 
sprays,  ,Vi_' 

Pyriltids),  501 
Pyrophoru 
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Quack  grass,  372 

Quaokery,  insects  in,  15 

Qualification!  of  sprayer,  278 

Quarantine,  872,  121,  187,  692,  7(.H),  805,  806 

plant,  aet  of  1912,  271 
Quarantine  laws,  230,  271,  272 
Quaternary  parasite,  .">3 
Queen  ants,  735,  730 
Queen,  bumblebee,  47 

honeybee,  101,  131 

termite,  181,  739,  740 
Queens,  211 

Quince,  528,  530,  53S,  530,  558,  559,  500,  562, 
507,  568,  573,  578,  581,  593,  594,  608,  618, 
025,  651,  077,  688 

Japan,  543,  544 
Quince  curcutio,  593 


K 


Rabbit,   771,   775,   821,   836,   839,   843,   845,   849 
Rabbit  botfly,  22 
Raccoon,  36 
Radial  cells,  211 

veins,  21 1 
Radish,  301,  432,  434,  474,  494-508 
Ragweed,  302,  337,  396,  478 
Range  caterpillar,  378 

crane  fly,  378 
Rape,  432 
Rapidity  of  increase,  138 

of  reproduction,  71 
Raspberries,  bad  taste  of,  511 
Raspberry,  395,  476,  485,  543,  544,  552,  553,  626, 

637-640,  041,  044,  717 
Raspberry  beetle,  American,  637 

-cane  blight,  14 

sawfly,  637,  640 
Rasping-sucking  mouth  parts,  123 
Reticuliterm.es  flavipes,  739 
Rats,  771,  817,  839,  843 

carriers  of  chicken  fleas,  817 
Rat-tailed  maggots,  22,  826,  855 
Raw  linseed  oil,  775,  776,  785,  787,  799,  822 

silk,  38 
Receptors,  97 
Recognition,  92 
Rectum  of  insects,  89,  90 
Recurrent  veins,  211 
Recurvaria  nanella,  564 
Red  ash,  659 

-banded  leaf  roller,  525 

bugs,  845  (see  Chiggers). 
apple,  526,  582,  583 

clover,  48,  265,  336,  382-407,  485 

elm,  660,  678 

-headed  sheep  louse,  802,  807 

-humped  caterpillar,  524,  566 

lady  beetle,  57 

-legged  grasshopper,  329 

louse,  little,  781,  784,  785 

maple,  660 

milkweed  beetle,  64 

mite,  European,  523,  554,  555,  613 


Red-necked  c;tnr  borer,  037,  639,  I 

oak,  660,  072 

oil,  7oo 

pepper,  88 

scale,  California,  0  17,  650,  651,  701 

Florida,  047,  650,  701 

spider,  no,  i  is,  150,  <>i7,  653,  I 
greenhouse,  698,  712,  713 
mite,    llll,  4  1S,  523 
-tailed  botfly,  70S,  776 
-top  insects,  378 
Reduviids,  191,  837 
Reeves,  George  I  ,  389 

Refined  oil  emulsion,  515,  656 
Refuse,  burning,  330,  338,  340 

destruction  of,  330 
Regeneration,  30 
Relapsing  fevers,  830 
Relative  size  of  insect  classes,  160 
of  orders,  160 
of  phyla,  160 
Removing  ticks  from  skin,  845 
Repellent  oil,  770,  773,  S32,  834,  sir. 

scent  glands,  1)2 

sprays,  772,  783 
Repellents,  229,  200,  317,  440,  447,  401,  477,  527. 

608,  622,  834,  835,  860 
Replanting,  325 
Reproduction,  87 

asexual,  46 

ovoviviparous,  135,  136,  444 

period  of,  152 

rapidity  of,  71 

sexual,  46 

types  of,  135 

viviparous,  135,  136,  226 
Reproductive  organs,  90,  101,  102,  103 
Reptiha,  155,  Hit) 
Repulsive  odors,  104 
Resemblance,  aggressive,  105 

protective,  105 
Residue,  arsenical,  (521 

spray,  279,  498,  510 
Residues,  destruction  of  crop,  230,  266 
Resistance  of  large  trees,  075 

to  fumigation,  653 
Resistant  varieties,  230,  268,  364,  518,  632,  659, 

784 
Respiration,  87,  93 

tracheal,  96 
Retinal  cells,  99 

pigment,  99 
Rhabdophaga  strobiloides,  9 
Rhagoletis  cingulata,  226,  615,  616 

fausta,  615 

pomonella,  140,  526,  584,  585 
Rhizoctonia,  730 
Rhizoglyphus  hyacinthi,  723,  724 
Rhodites  bicolor,  9 
Rhopalocera,  209 
Rhopalosiphum  prunifoliae,  549 

pseudobrassicoe,  503 
Rhubarb,  476 
Rhynchophora,  199 

Rhynchota,  186,  188  (see  Hzmiptera  and  Homop- 
tera). 
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Elioe  weevil,  783,  753 

Usui  prouxueki,  2  1 
Roaoh,  742  (sec  Coekroaeh). 
Robber  By,  62,  227 
Robins,  276 
Hock  lime,  261 
Rooky  Mountain  grasshopper,  ■'*2,.t 

loeuBt,  329 

spotted  fever,  24,  26,  842 

tick,    L9,  24,  26,    167,  791,  811,  825,  842, 
844 

Hod,  extension,   28  I  ,   283,  286 

Rodents,  839,  843,  846 

fumigant  for,  268 
Rodolia  cardinalia,  57 
Rogers,  C.  G.,  93 
Roost  mite,  811,  813 

Hooi   aphid,  corn,  314  (see  Corn  root  aphid). 
sugar-beet,  509,  515 

borer,  clover,  380,  384 

curculio,  clover,  380,  381,  382,  383,  407 

galls,  631 

louse,  strawberry,  641,  645,  646 

-maggot  flies,  826,  854 

rot,  456 

weevil,  strawberry,  644 
Roots,  dried,  754,  760 
Roots  of  grasses,  626 
Rootworm,  clover,  313 

grape,  619,  622 

Northern  corn,  299,  310,  311,  459,  461,  519 

Southern  corn,  265,  299,  311,  312,  462 

strawberry,  640,  643,  644,  698,  717 
Rose,  470,  552,  554,  626,  636,  644,  651,  652,  659, 

675,  679,  703,  711,  712,  717,  719 
Rose  aphid,  708 

chafer,  18,  615,  619,  626,  625 

scale,  637,  640,  701 

gall,  spiny,  9 

midge,  699,  719,  720 
Rosin  fish-oil  soap,  621 

oil,  262 
Ross,  Ronald,  827 

Rosy  apple  aphid,  6,  522,  545,  546,  547,  548 
Rot,  brown,  604 

root,  456 
Hotation,  crop,  265  (see  Crop  rotations). 

pasture,  791,  806 
Roth,  V.  C,  285 
Rotifers,  l  55 

Rouge,  made  from  insects,  45 

Hound-headed    apple-tree    borer,    150,    521,    527, 
528,  629,  593 
borers,  660,  665 
Round  worm,  7">,   155,  s.V, 
Rove  beetle,  !!"•.  I 
Royal  moths,  209 
Rubbish,  destruction  of,  464,  572 
Rugs,  injury  to,  30 

Rules  for  insect   names,    1  .")!> 

Ruminants,  792 

Rust-red  flour  beetle,  733,  754 

mite,  CIS,  658 
Rusty  plum  aphid,  612,  613,  61  J 

Hush,  club.  :;i_' 


Hush  billbugs,  800,  840 

Hushes,  ::i  i 

LI]   1 1 1 1    1 1 .  ■ ,  .")  1  2 

Rutabaga,  -'"i 

Rye,  345,  359,  364,  366,  372,  377,  185,  717 


s 


Sabine  stimulea,  17,  18 
Sac,  honey,  41 

stylet,   122 
Sacking  seeds,  7tVA,  786 
Sacks,  flour,  757 
Sacs,  wing,  81 
Saccharine  in  baits,  239 
Saccharose,  41 

Saddle-back  caterpillar,  17,  18 
Safe  date  for  BOwing  wheat,  268,  363 
Sage  weed,  421 
Sagittal  section  of  roach,  90 

sections  of  insect,  89 
Saissetia  hemispha>rica,  703,  704 

olece,  652,  653,  704 
Salamanders,  155 

insect  food  of,  276 
Salicylic  acid,  847,  854 
Saliva  of  insects,  38,  41 
Salivary  duct,  90,  117,  118,  120,  121,  122 

glands,  38,  88,  90,  92,  94,  118 

groove,  122 

pump,  118 

reservoir,  90 
Salmon  fly,  171 
Salsify,  446 
Salt,  841 
Salt  in  baits,  238 
Salt  log,  810 

-marsh  caterpillars,  410,  441 
Saltatoria,  174 
Samia  cecropia,  146,  206 

San  Jose  scale,  5,  116,  138,  246,  515,  522,  539,  540, 
541,    587,  593,  594,  603,  612,  613,  614. 
615,  618,  631,  632,  636 
early  history  of,  541 
sprays  for,  249,  542 
Sand  dollar,  155 

flies,  227 

pit,  201 

trap,  201 
Sanderson,  E.  D.,  70 
Sanitation,  greenhouse,  714 

orchard,  580,  582,  605 
Sanninoidea  (see  .'Encria). 
Saperda  calcarata,  666 

tandida,  527,  528,  529 

tridt  ntata,  669 
Sarcophagiche,  228 
BarcopsyllidsB,  817,  mi 
Sareoptes  scabiei  equi,  77~> 
hominis,  848 
suis,  800 
Barcoptio  mange,  775 
BarooptidjB,  77:..  776,  BOO,  B06,  821,  822,  848 

Satin  moth,  663 

Saturniidas,  209,  :;7s 
Saw-horned  beetlt  B,   198 
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Saw-toothed  grain  beetle,  733,  755 
Bawfliea,  64,  171,  309,  _» 1 1 .  :.'  17.  373,  377,  663 

stem,  217 

wheat,  265,  ;{.').-),  373 

Sawfly,  elm,    1 11 

imported  currant,  631,  633,  636 

raspberry)  637,  640 

web-spinning,  013 

western  wheat-etem,  146,  205,  365,  372 
Ban  fly  larva,  l  16 
B  kj  ,  Thomas,  172 
Scab,  apple,  555 

paoroptio,  788 

sheep,  807 
Soab  gnat,  potato,  472 

tnite,  1(.»,  70S,  776,  781,  788,  802,  805,  806,  807 
Scabby  sheep,  shipment  of,  800 
Scale,  apple  oyster-shell,  522,  544 

Baume,  217 

black,  047,  652,  663,  704 
Boisduval's,  701 

cactus,  701 

California  red,  047,  650,  051 

camellia,  703 

chaff,  703 

citrioola,  t'<,">3 

cottony  cushion,  57,  260,  047 
maple,  002,  676 

cyanophyllum,  701 

elm  scurfy,  075 

fern,  702,  703 

Florida  red,  647,  650,  701 

Forbes',  615,  617 

greedy,  701 

hemispherical,  703,  704 

ivy,  700,  701 

latania,  701 

long,  047,  649,  704 

mining,  703 

oleander,  700,  701 

orange,  701 

oyster-shell,  116,  522,  544,  662,  675 

palm,  701 

pine  leaf,  622,  678 

purple,  647,  649 

red,  701 

rose,  637,  640,  701 

San  Jose,  530  (see  Son  .lost'  scale). 

scurfy,  522,  543,  002,  675 

soft  brown,  047,  703,  704 

specific  gravity,  2 17 

terrapin,  595,  603,  004,  062,  677,  702,  703 

tessellated,  704 
Scale  insects,  45,  67,  171,  186,  188,  250,  700 
armored,  648,  697,  700 
citrus,  648 

metamorphosis  of,  701 
tortoise,  097,  700,  704 
unarmored,  652 
Scale  insects  and  ants,  734,  738 
Scales,  function  of,  204 

wing,  203 
Scaly-leg  mite,  21,  813,  821 

-winged  insect,  203 
Scape,  83,  211 
Scarab  beetle,  larva,  146 


Scarabasid  beetle,  sperm  of,  134 
SoarabsMdss,    199,  308,  :s.">:s,  35s,    133,  .-.n,  B03, 
007,  025,  (ilti 

Soarabeoid  larva,  175 
Scarlet  oak,  660 
Scattering  dung,  783 

straw,  772 
Scavenger  beetle,  giant   water,  132,   196 
Scavengers,  insect,  0<>,  225 
Scehonidaj,  59,  tit),  01,  218,  321) 
Sceliphron  cementariua,  215 
Scent,  02 
Scent  glands,  92 
Sehaudinn,  10 

Schedule  tor  spraying  apples,  586 
Schistucercii  alutncen,  327 

amerieana,  327 
Sohiaophora,  228 
Schizotri/p<utum  cruzi,  21 
Schizura  coiiciniui,  566 
Sciara  maggot,  699,  720 
Science,  use  of  insects  to,  30 
Scientific  names,  159 
how  to  write,  161 

study  of  insects,  67 

value  of  insects,  66 
Scirtothrips  citri,  654,  655 
Sclerite,  74 

adfrontal,  205 
Sclerites,  head,  108 
Scubicia  declivis,  26,  27 
Scolytidse,  199,  384,  530.  532,  602 
Sculytus  ipiadrispinosun,  670,  671 

ruoulosis,  530,  002 
Scorpion,  sting  of,  167 
Scorpion-flies,  171,  201 
Scorpionida,  162 

characteristics  of,  167 
Scorpions,  83,  162,  164,  167,  827 

courtship  of,  167 

water,  191,  827 
Scouting  for  insect  outbreaks,  297 
Screening,  263,  723,  832,  839 
Screening  animals,  780,  709 

fields,  263 

houses,  263 

plants,  461 

seed  beds,  263,  425,  427,  4  10,  508 

stables,  783 

storeroom,  751 

trees,  536 

vineyards,  263 
Screw-worm  fly,  22,  239,  781,  795,  796,  798,  802, 

803,  855 
Sculpturing  of  egg  shell,  133 
Scurfy  scale,  522,  543,  002,  675 

elm,  675 
Scutellum,  76,  189,  222,  223 
Scutiyerti  forceps,  741 
Scutiyerdla  immaculata,  699 
Scutigeridse,  741 
Scutum,  76 
Sea  blite,  512 

urchin,  155 
Sealing  wax,  42 
Seamans,  H.  L.,  277 
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On*]  history  of  chinch  bug,  346,  847 

of  clover  wed  midge,  KM 

of  Hessian  fly,  860 
Sea  »nd  ltj  p  irasit  i  . 
Secretion,  87,  82 

Secretions,  value  of  msec!,  36 

Sectional  vien  of  band  pump,  284 

of  Insects,  s".  80 
Sedges,  841 
Seed,  clover,  production,  85,  18 

use  of  good,  768 
Seed  bed*,  screening,  125,  427,  WO,  608 

chaloid,  clover,  268,  382,  401,  402 

-corn  maggot,  litio,  298,  300,  801,  160,  »72 

-gathering  ants,  7:5~> 

insects,  783  766 

lac,  48 

midge,  clover,  265,  382,  405,  406 

ticks,  790,  791 
Seeding,  late,  268,  :\r>s,  362,  363,  365 
Seeds,  28,  731   766 

carbon  bisulfide  for,  783 

holding  over,  783 
Segment,  typical,  108 
Segmentation  of  body,  74 

of  head,  108 
Segments,  74,  75 

Self-boiled  lime  and  sulfur,  243,  245 
Bemiaquatic  predaceous  bugs,  191 
Seminal  ducts,  101,  102 

receptacle,  101,  102 

vesicles,   101,  102 
Sensation,  87,  96 
Sense  hairs,  98 

organs,  97,  113 
Sensory  nerve  cell,  96 
Septicaemia,  855 
Sericulture,  39 
Serpentine  leaf  miner,  505 
Serrate  antenna,  83,  84 
Serrieornia,  198 
Service  berry,  528,  529,  530 
Sessiidse,  209  (see  Aegeriidce). 
Sessili ventres,  217 
Seta,  72,  98 

Setaceous  antenna,  83,  %-l 
Seven-year  itch,  21,  8  l'» 
Beventeen-year  locust,  533  (see  Periodical  cicada) 

race  of  cicadas,  534,  636 
Sewage,  defective,  859 

disposal  of,  859 
Sex  differences,  101 

glands,  101 
Sexual  reproduction,  46 
Shad  flies,  171,  177 
Shadberry,  592 

Shade  tree  insects,  587,  659    695 
Shading,  527,  668 
Shaft  louse,  812,  820 
Shaker  for  dusting,  -"'1 
Shaking  clothing,  749 
Shalot,  722 
shape  of  insects,  l  s? 
Shearing,  handling  wool  while,  805 

time  of,  811 
Shedding  wings,  7.'55 


Sheep,  771,  775.  789,  796,  802   811,  848 

estimated  annual   injury   to,   38 

bornless,  81 1 
vtrsshing  legs  of,  BOS 

Sheep  as  traps  for  tiek^,  s  I  I 

botfly,  803,  808,  sum 

lice,  blood-sucking,  so:',,  807 

louse,  red-headed,  802,  807 

maggots,  810 

nose  fly,  803,  808 

pasturing  for  chiggers,  847 

scab,  807 

tick,  136,  22S,  802,  803,  si»| 

Sheet    metal  strip  for  termites,  711 
Shell  of  egg,  101 

of  insects,  71 
Shellac,  35,  42 

liquid,  44 

preparation  of,  44 
Shepherd's  purse,  302,  464,  478,  498,  504 
Shipping  nursery  stock,  271 

scabby  sheep,  806 
Shoe  polish,  42 
Short-horned  flies,  227 

-nosed  cattle  louse,  786,  787 
ox  louse,  781,  786,  7X7 

-tailed  mealy  bugs,  705 

-winged  beetles,  198 
Shot-hole  borer,  521,  530,  531,  594,  602 
Shredding,  336 
Shrews,  insect  food  of,  276 
Shrub  insects,  659-695 
Shrubs,  fruit-bearing,  276 

ornamental,  596,  610 
Sidemia  devastator,  321,  323 
Silk,  35,  36,  746,  757 

annual  production,  38 

raw,  38,  39 

reeling,  39 

spiders,  166 
Silk  gland,  94,  143 

growing,  39 
Silkworm,  35,  36,  37,  38 
Silkworm  moths,  37,  209 

giant,  206 
Silurian  fossils,  80 
Silvcrfish,  30,  80,  171,  172,  7.52,  744 
Silver  maple,  660 
Simple  eyes,  84,  85,  100,  109 

metamorphosis,  139,  141,  1  17 
Simuliida,  227,  772,  832 
Simulium,  772,  832 

venustum,  larva  of,  146 
Sinuate  pear-tree  borer,  687,  588 

-striped  flea  beetle,  438,   1  10 
Siphonaptera,  160,  171,  220 

characteristics  of,  221 
Siphonapterous  subtype  of  mouth  part-,    126 
Siphoning  type  of  mouth  parts,   126,   127 

Siphunculata,  192  (see  Anoplura). 
Suicide,  217 

SUodrrpa  panicea,  7  15,  7  16 
Sitona  crinittu,  382 
flavucen*, 

hisjiniitl us,  i{$2 

Sitophiiua  granaria,  l  <6,  753 
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Sitophilua  orytet,  753 
Sitotroga  etrtalMa,  758 
Sitting  liens,  mites  on,  813 
Size  of  eggs,  136 
of  family,  138 

of  head  of  insect,   108 
of  insects,  70 
of  orders,  relative,   160 
Sizing  of  paper,  7  I  1 

Skeleton  of  insects,  73 

of  mammal,  73 
Skeletonizer,  apple  leaf,  523,  659,  560 

Skin,  penetration  of,  by  cattle  grub,  791 

Skins,  750 

Skipper,  cheese,  733,  751 

Skipper  butterfly,  207 

Skippers,  171,  203,  209 

Skull  case,  108 

Skunk,  30 

Skunks,  insect  food  of,  276 

Slender  pigeon  louse,  SI 3,  820 

turkey  louse,  S  I  2 
Sleeping  quarters,  treatment  of,  841 

sickness,  African,  23,  24 
Slickers,  172  (see  Silver  fish). 
Slippery  elm,  070 
Sludge,  210,  247 
Slug,  75,  155,  700,  728 

cherry,  615  (see  Pear  si ii(/) . 

pear,  111,  14S,  213,  587,  615,  616,  617 
Slug-caterpillar  moths,  20S 
Slugs,  garden,  4  19 
Small  body  louse,  812,  820 

carpenter  bees,  219 

grains,  318,  345,  351   377 
estimated  annual  loss,  32 

intestine,  89 
Smartweed,  315,  333,  605 
Smart  weed  flea  beetle,  326,  439 
Smell,  82,  98 

organs  of,  114 
Smith,  R.  I.,  469,  470 
Smith  and  Kilbourne,  23 
Smoked  meat,  storage  of,  750 
Smothering  animals,  833 
Smudges,  773,  783,  834 
Smyrna  fig,  35,  48,  49,  50 
Snails,  155,  700,  728 
Snake-doctors,  54  (see  Drauonjlies). 
Snake  feeders,  54  (see  Dragon  jilts) . 
Snakes,  155,  845 

insect  food  of,  276 
Snapdragons,  712,  714,  725,  72S 
Snout  beetle,  imbricated,  265,  521,  533,  641 

beetles,  195,  199 
Snow  fleas,  171,  173 
Snowball,  679 
Snowy  tree  cricket,  132,  142,  637,  639 

egg-laying  of,  639 
Snuff,  754,  755 

Soap,  242,  243,  252,  262,  494,  516,  527,  553,  584, 
614,  621,  716,  719,  726,  751,  776,  815,  821, 
822,  841,  849,  852,  853,  854 
Soap,  fish-oil,  252  (see  Fish-oil  soap). 

flea,  841 

green,  849 


Soap,  bard,  252 

laundry,  252 
sodium,  252 
bean-oil,  252 

vegetable-oil,  251,  252 
whale  oil,  252  (see  Fish-oil  §oap). 
Soapy  bail,,  846,  848 

Social  bees,  219 

life,    1S1,  210 

wasps,  218 
Sociology,  36 

Sod  webworm,  205,  299,  324,  325,  378 
Sodium  arsenates  237,  737 

arsenite,  234,  235,  237,  238,  319,  331,  418,  669, 
737,  832 

benzoate,  737 

carbonate,  776 

cyanide,  256,  257 

fluoride,  234,  237,  737,  742,  744,  773,  774,  77.". 
785,  808,  820 

fluosilicate,  23S,  453,    17.". 

oleate,  606 

soaps,  252 

sulfide,  242,  243,  245,  247,  249 

tetrasulfide,  219 

thiosulfite,  249 

S,.ft  brown  Bcale,  047,  703,  704 

maple,  000,  675,  677 
Soil  and  insects,  65 
Soil,  contact  with  wood,  741 

drying  of,  721 

effect  on  insects,  274,  275 
Soil  fumigation,  433,  550,  031 

-infesting  insects,  treatment  of,  258 

inspection,  698,  723 

sterilization,  729 
Solanium,  709 
Solarium  rostratum,   172 
Soldier  beetles,    198 

flies,  227 

termites,  181,  740 
Solenopotes  capillatus,  781,  787 
Solenopsis  molesta,  306 
Solid-stream  nozzle,  283 

spraying,  288,  289 
Solitary  bees,  48,  218 

wasps,  218 
Soluble  sulfur  compound,  245,  247 
Somites,  74 
Songs  of  insects,  30,  07 

of  tree  cricket,  638 
Soot,  262 
Sooty  fungus,  708 

mold,  652,  657 
Sorbus,  545 
Sore,  oriental,  836 
Sores,  maggots  in,  802 
Sorghum,  306,  326,  333,  339,  344,  367,  378,  753 

resistant,  268 
Sorghum  crop,  estimated  annual  loss,  32 

webworm,  265 
Sounds  of  insects,  173 
Southern  cabbage  butterfly,  501 

chicken  flea,  812,  817 

corn  rootworm,  265,  299,  311,  312,  402 

green  plant  bug,  egg,  132 
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Southern  hornworm,  188,  189 

Bowbugs,  L02,  169,  699,  726,  727,  730 

Soybean-oil  soaps,  252 

Soybeans,  809,  336,  348,  382,  395,  396,  407,  408, 

152,  153,  17  1,  176 
Spanish  fly,  35,  45,  827 
Sparrow,  English,  81 5 
Special  hit ing-fly  mouth  parts,   L20,   124 

cautions  for  fumigants,  253 
Species,  157,  159,  161 

significance  <>f,  158 
Specific  gravity  of  fumigants,  253 

of  lime-sulfur,  247 
Spelt,  359 
Spencer,  G.  J.,  744 
Split nophorus  parvulus,  341 
Spermatheca,  101 
Spermatophores,  102 
Sperms,  101,  133,  134 

viability  of,  101 
Sphecid  wasp,  215 
Sphecida,  218 
Sphenophorus,  340,  359 

cequalis,  195,  342 

callosus,  342 

maidis,  342,  343 

prrtinax,  342 
SphingidiB,  209,  429,  488,  489,  683 
Sphinx,  catalpa,  663,  683,  684 
Sphinx  caterpillar,  62 

moths,  209 

compound  eye  of,  85 
Spider,  greenhouse  red,  698,  712,  713 

hour-glass,  164,  165 

red,  410,  448,  450,  647,  653 
Spider  bites,  838 

mite,  red,  523 

wasps,  218 
Spiders,  77,  83,  162,  164,  827 

ballooning  of,  166 

courtship  of,  166 

danger  of,  164 

sexual  dimorphosism,  166 

value  of,  166 
Spilonota  ocellana,  563 
Spinach,  435,  442,  464,  474,  508-515 
Spinach  aphid,  443,  509,  512 

flea  beetle,  65,  438,  439,  440,  509,  510 

leaf  miner,  509,  513 
Spindling  tuber,  478 
Spined  tobacco  bug,  424 
Spines,  72 
Spinneret,  94 
Spinose  ear  tick,  791,  811 
Spiny  citrus  whitefly,  657 

oak  gall,  9 

rose  gall,  9 

witch-hazel  gall,  9 
Spiraea  van  Houtii,  679 
Spiracle,  76,  93,  94,  103,  189 
Spirochetosis,  fowl,  24,  815 
Spiroschaudinnia  granulosa,  24 

timrrhouxi,  24 

neuvexii,  24 
Spittle  bugs,  188 
Splenetic  fever,  24,  788 


Splitworm,  bobacoo,  123,  426 
Sponges,  L55 

Sponging  mouth  parts,   L25,   126 

of  legs,  780 
Sporosoa,  827 
spot  ted  bean  weevil,  765 

cucumber  beetle,   11,  311,  312,  354,  .'55s,  380, 
408,  449,  151,  458,  459,  461 

cutworm,  321,  32.'{,  429 

fever,  economic  loss  due  to,  33 

Rocky  Mountain,  24,  25,  842 

tick,   Rocky   Mountain,  1!),  24,  25,   167,  791, 
811,  825,  842,  844 

lady  beetle,  57 

springtail,  173 
Spray,  calyx,  586 

cluster-bud,  586 

distribution  of,  289 

dormant,  249,  586,  676 

one-week,  586 

petal-fall,  586 

sweetened  arsenical,  711 

ten  days,  586 

three-weeks,  586 
Spray  booms,  290,  629 

gun,  283,  285,  286 

rate  of  discharge  of,  285 

nozzles,  286 

residue,  279,  498,  510 

schedule  for  apples,  586 
Sprayed  animals,  effect  of  sun  on,  799 
Sprayer,  atomizer,  281 

barrel,  281 

capacity  of,  280 

care  of,  279 

compressed-air,  280,  281 

engine  of,  282 

knapsack,  281 

materials  of,  278 

orchard,  282 

parts  of,  283 

power,  281,  282 

qualications  of,  278 

wheelbarrow,  280,  281 
Sprayers,  kinds  of,  280 

for  gardens,  281 
Spraying,  708 

aim  in,  240 

cautions,  279 

dormant,  676 

general  suggestions  for,  278 

history  of,  278 

pressure  for,  279 

solid-stream,  288,  289 
Spraying  and  weather,  279 

animals,  770,  772,  773,  787,  7<»1 

boom  for  grape  lcafhopper,  629 

machinery,  278 
storage  of,  279 

potatoes,  478 

poultry  houses,  823 

p«.  dusting,  290 

u  oodland  trees,  2s«.) 
Sprays,  combined,  654 

pyrethrum,  832 

repellent,  772,  783 
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Sprays,  timing  of,  27S 
winter  and  freezing,  279 

Spread  of  alfalfa  weevil,  388 

of  bedbug)  887 

of  brown-tail  moth,  271 

of  cattle  fever,  789 

of  Colorado  potato  beetle,  275 

of  cotton  boll  weevil,    112,    113 

of  European  corn  borer,  334 

of  granary  weevil,  27.~> 

of  gypsy  moth,  602 

of  imported  oabbage  worm,  495 

of  Japanese  beetle,  808 

of  Mexican  bean  beetle,  451 
Spreader  for  nozzle,  290 
Spreaders  for  sprays,  252,   H>7 
Spring  cankerworm,  523,  555,  556 

cultivation,  646 

migrants,  444 
Springtails,  80,  139,  171,  173 
Spruce,  860,  878 

bud-worm,  296,  663 
Squalid  duck  louse,  S12 
Squama  (see  TegtUa). 
Squash,  434,  445,  458  470,  493 
Squash  bug,  116,  117,  lis,   132,  171,  191,   158, 
462,   163 

vine  borer,  45S,  466,   Iti7 
Squeezing  out  cattle  grubs,  795 
Squirrel,  775 
Squirrels,  ground,  843 

Stable  fly,   lti,   120,   121,  767,  770,  771,  781,    783, 
797,  802,  825,  835 
and  horse  botfly,  138 
mouth  parts,  120 
Stables,  concrete  floors  for,  859 

darkened,  772,  783,  810 
Stabling  animals,  780 
Stag  beetles,  197,  199 
Stagmomantis  Carolina,  177 
Stainer,  cotton,  400 
Stalk  borer,  common,  64,  265,300,887,4  10,471,  519 

potato,  471,  480 
Standard  arsenical  dip,  775 

insecticides,  273 
Staphylinid  beetles,  15 
Staple  crops,  estimated  damage  to,  32 
Star  tick,  lone,  811 
Starch,  754 

Starched  clothing,  744 
Starfish,  155 
Starling,  815 
State  inspection,  271 
Steam  cleaning,  837,  848 

disinfection,  853 

sterilization,  697,  723,  729,  730,  852 
Stegomyia  fasciata,  828  (see  JSdes  agypti). 
Stem  borer,  clover,  265,  382,  400,  401 

mothers,  444 

sawflies,  217 
Sterilizing,  hot  water,  722,  725,  763 

steam,  697,  723,  729,  S52 

pipe  method,  729 
Sterilizing  clothing,  849 
Sternorhynchi,  188 
Sternum,  75,  189 


Stick  lac,  42,  43 
Stiektight  flea,  221,  812,  817 
Stickers  for  sprays,  252,  497 
Sticks,  walking,  38,  105,  171,  176 
Sticky  bands,  263 

shields,   HO 
Stigma,  21 1 
Stilptnoiia  talici§,  663 
Stimulating  growth,  230,  670 
Stimuli,  97 
Sting,  92 

of  honeybee,  215 
paralyzing,  216 
Stinger,  214 
Stinging  ants,  17,  218,  826 

insects,  17,  826 
Stink  bugs,  15,  171,  191,  409,  463 
Stipes,  113,  128 
Stobaera  tricar  inata,  186 
Stock  dips,  237 
Stomach,  89,  91 

Stomach  poisons,  229,  231,  234,  235 
adhesion  of,  234 
aim  of,  278 
amount   to  use,  235 
best  uses,  L'.'i  1 
characteristics  of,  232 
how  applied,  234 
non-arsenical,  237 
price,  234 
suspension  of,  234 
table  of,  234,  235 
Stomodeum,  89 

Stomoxyt  calcitrant,  770,  771,  8^55 
Stone-flies,  132,  140,  171,  180 
Stone  lime,  261 
Stop-back,  peach,  611,  612 
Storage,  clean,  761 
cold,  263,  750,  751 
dry,  772 

of  smoked  meat,  750 
of  spraying  machinery,  279 
Stored  foods,  sources  of  infestation,  28 
estimated  losses,  28,  33,  731 
grain  insects,  731-766 
control  of,  761 
how  distributed,  20 
products,  injury  to,  26 
seed  insects,  731-766 
Storing  clothing,  749 
honey,  735 
manure,  859 
cheese,  751 
Straight-seamed  flies,  227 
Strainers,  283,  284 
Stratiomyiidse,  227 
Straw,  scattering  of,  772 
-filled  mattresses,  847 
Strawberries,  307,  313,  395,  396,  464,  640-646 
Strawberry  crown  borer,  till 
girdler,  641,  644 
flea  beetle,  641,  645 
leaf  roller,  641,  642 

obsolete-banded,  til-' 
root  louse,  641,  645,  646 
weevil,  644 
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Strawberry  rootworm,  840,  643,  644,  608,  717 

Ueevil,   11,   12,    136,  641,  643 

egg-laying  of.   11,   11',   L86 

Btrawworm,  wheat,  366,  37o,  374 

Stream  pollution,  •">  1 

Streams  as  harriers,  27  1 

oontrol  "f  mosquitoes  in,  834 

Btrengtfa  <>f  insects,  70 
Strepsiptera,   UK),  171,  199,  200 

characteristics  of,  109 
Stria-,  201 
St  rider,  water,  100 
Stridulating  organs,  174 
String  beans,  462,  464 
Striped  blister  beetle,  408,  475 

cabbage  flea  beetle,  438,  440,  494 

cucumber  beetle,  14,  111,  468,  459,  460 

ox-warble  fly,  781,  791 

sweet-potato  beetle,  482,  483,  484 
Structure  of  bug,  189 

of  grasshopper,  76 

of  hornworm,  94,  103 

of  roach,  90 

of  sawfly,  211* 

of  syrphid  fly,  222 
Struggle  for  existence,  70,  104 
Stubble,  plowing,  362 
Stuffed  animals,  746 
Stylate  antenna,  83,  84 
Style,  83,  84 
Stylet  sac,  122 
Stylets,  117,  118,  120,  122 
Stylops,  199 
Stylus,  90 
Subcostal  cell,  211 

vein,  211 
Subcesophageal  ganglion,  89,  90,  97 
Submentum,  113,  128 
Substances  not  attacked  by  insects,  26 
Subterranean  insects,  injury  by,  10 
Subtypes  of  piercing  mouth  parts,  124 
Success  of  insects,  69 

of  introduction  of  parasites,  270 
Suck  fly,  tobacco,  424 
Sucking  insects,  poisons  for,  242,  243 

pharynx,  118 

tube,  pharyngeal,  122 
Sudan  grass,  344,  378 
Suffocation  by  gnats,  783 
Sugar,  93,  711,  755 

cane,  41 

fruit,  41 

trrape,  41 

invert,  41 
Sugar  beet  crop,  estimated  annual  loss,  32 
root  aphid,  509,  515 

beets,  326,  357,  396,  485,  552 

-cane  borer,  296 

maple,  660 
Suggestions  for  spraying,  278 
Sulfate,  copper,  243,  261,  811 

nicotine,  240  (see  fficotint  sulfide). 
Sulfide,  barium,  242,  243,  215,  247,  249 
\         potassium,  245,   149 

»      sodium,  242,  243,  245,  247,  249 


Sulfite,  calcium,  216 
Sulfur,  211,  464,   107,  654,  770,  77C,  M 
s:<7,  847,  848,  849 
burning,  2.r>:<,  841 

colloidal,  2i:> 
compounds  of,  346 

free,  249 

mechanical  mixtures  of,  215 
Sulfur-and-nicotine  dip,  806 

as  a  carrier,  245 

as  a  diluent,  245 

butterflies,  209 

compounds,  table  of,  245 

dioxide,  253,  259 

how  to  generate,  259 

dips,  808 

dust,  241,  245,  418,  421,  449,  453,  519,  713,  715, 
846 

for  mites,  245 

fumigation,  259,  713,  752,  702 
effect  on  grains,  762 

ointment,  822,  849 

-soap  spray,  245 
Sulfuric  acid,  256,  257 
Sumac,  476,  632,  677 
Summer  burning,  363 

cultivation,  557,  593,  594 

diarrhoea,  24 

host,  444 

oil  emulsions,  656 

plowing,  366,  376,  432,  435 

spray  of  lime-sulfur,  248,  249 
Sun,  effect  on  sprayed  animals,  799 

on  fumigation,  254 
Sunflower,  478,  514 

wild,  421 
Sunning  clothing,  749 
Sunshine  and  flights,  274 

effect  on  fumigation,  259 
Superheating,  230,  263,  420,  722,  725,  745,  748, 

750,  751,  762,  763,  837,  848,  852 
Superstitions  about  insects,  45,  46,  177 
Support  given  insect  control,  229 
Surra,  769,  771 
Survival  of  fittest,  70 
Susceptibility  of  greenhouse  plants,  696 
Susceptible  varieties,  805,  810 
Suspension  of  stomach  poisons,  234 
Suture,  72,  74 

adfrontal,  205 

epicranial,  94,  109 
Swallowtail  butterfly,  black,  208,  508,  510 
Swallowtails,  209 
Swamp  fever,  771 
Swamps,  draining  of,  770 
Swarming  of  ants,  7:?."> 

of  termites,   181,  740 
Sweat  flies,  57  (see  Syrphid  fliet). 
Sweet  alyssum,   105,  500 

cherry,  539 

clover,  380  407,  306,   WO,   156,   103 
corn,  432,  518 
gum,  <><>(> 

peas,  456,  712,  714 

potato,    302,    326,     132,     136,     145,     171.    478, 
482   487 


912 


DESTRl  cm  E   AND   USEFl  I.  INSECTS 


Sweet  p.. i:lto  beetle,  black-legged,  483,  184 
golden,  182,  483,  hi 
mottled,  483,  im 

striped,  482,  483,   IS  I 

crop,  estimated  annual  loss,  32 
flea  beetle,  328,  438,  483,  485 
leaf  roller,  483 
weevil,  183,  486 

winterly,  483 
Sweetened  arsenical  spray,  711 
Swift   tliers,  82 

Sycamore,  659,  660,  677,  679 
Sympathetic  nervous  system,  90,  94,  97 
Symphyla,  io_' 
Symphyta,  217 
Synanthedon  pietipea,  599 

tipuli/ormis,  032 
Synopsis  of  Coleoptcra,  198 

of  Diptera,  227 

of  Hemiptera,  191 

of  Homoptera,  188 

of  Hymenoptera,  217 

of  Lepidoptera,  208 
Synthetic  lacquer,  44 
Syringing,  706 

Syrphid  flies,  57,  58,  222,  228,  443,  548,  708 
Syrphids,  34,  54,  59,  120,  228,  721,  722,  855 
Syrup,  727 

for  ants,  730 

poison,  4  15,  739 
System,  circulatory,  90 

sympathetic,  97 
Systems,  organ,  87 
Syatena  hudsonias,  320,  439 

tceniata,  439 

tceniata  blanda,  302,  303 


Tabanids,  227,  768,  835 
Tabanus,  768 
Tabanus  atratus,  769 

sulcifrons,  770 
Tables,  synopses  and  outlines  (see  xi,  xii). 
Tachardia  lacca,  42,  43 
Taohina  Hies,  59,  60,  228,  318,  320 
Tachinid  parasite  (see  Taehina  fiiea). 
Tachinida,  59,  228,  320 

Tachypterellus  quadrigibbus,  525,  579,  581,  582 
Taenidia,  95 

Taeniopteryx  pacifica,  180 
Tceniothrips  inconsequens,  185,  592 
Tagging  of  wool,  805,  811 
Tanglefoot,  327,  556 

tree,  400,  440 
Tank,  283 

Tank  pump,  horizontal,  282 
Tannic  acid,  35,  46 
Tansy  oil,  262,  317 
Tapestry  moth,  748 
Tapeworms,  75,  155,  855 
Tapinoma  sessile,  736 
Tar,  coal,  527,  860 

oil  of,  262,  776,  832 

pine,  770,  780,  800,  810,  811 
Tar  paper,  573 


Tarantula,  104,  165,  827  . 

rarnished  plant  bug,  it,  65,  116,  140,  44gJ  U7, 

611,  612,  712 
Tarnishing  of  metals,  256 
TaraonemidtB,  725 

I'tirsoncmus  pullnlus,  725 
Tarsus,  78,  79,  80 

I  artaric  acid,  737 

Taste  of  insects,   15 
'Taste,  organs  of,  112,  114 

sense  of,  98 
'Tat booing  dye,   l(i 
Tegula,  222,  228 
Telenomtu  minim  us,  320 

Telephones,  injury  to,  26 
Temperature,  effect  of,  271,  572 
on  fumigation,  254,  259 

fatal,  263 
Temperature  and  mites,  712 

as  a  control  measure,  203,  781,  704 
Ten cbrio  molitor,  750 

obseurus,  750 
Tenebrionida},  198,  350,  751,  756 
Tenebroidcs,  mauritanieiis,  7.">7 
Tenent  hairs,  79,  80,  92 
Teneral  fly,  81 
Tension,  interfacial,  250 
'Tent  caterpillar,  Eastern,  524,  565,  566 
Tent  caterpillars,   132,  209,  5^    f)  ()S 
Tenthredinida,  217,  373,  016,  6337619,  663 
Tergum,  75 
Termite,  egg-laying,  136 

king,  740 

queen,  181,  739,  740 

soldier,  740 

worker,  740 
Termites,  27,  29,  30,  36,  80,  88,  171,  180,  730,  732, 
739,  740 

characteristics  of,  182 

food,  30,  182,  739 

runways,  182 

swarming  of,  740 
Terrapin  seal,',  505,  603,  804,  002,  077.  702,  703 
Terrestrial  plant-eating  bugs,  191 

predaceous  beetles,  198 
bugs,  191 
Tertiary  parasite,  53 
Tessellated  seal.-,  704 
Testes,  90,  101,  102 
'Testicular  follicles,  101,  102 
Testing  lime-sulfur,  247 
Tetrachloride,  carbon,  253,  702,  853 
Tttralonia,  48 

Tetraopea  tetraophthalmua,  64 
Tetranyohida,  448,  553,  554,  654,  712 
Tetrcmychua  mytUoapidia,  554 

trltirius,  448,  054,  712,  713 
Tetrasulfide,  barium,  245 

calcium,  246 
Tettigoniidae,  175 
Texas  fever,  23,  24,  788 
Texas  fever  tick,  23,  24,  782,  788,  789,  790 
Thecodiploaia  moaellcma,  305 
Thermobia  domestica,  172,  744 
Thick-headed  flies,  226,  228 
Thief  ant,  265,  298,  306 
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Thiosulfate,  oaloium,  2  16 
Thirteen-epotted  lady  beetle,  ">7 

-year  nice  of  oioadas,  .">:;  i, 
Thistle,  64,  896,  »72 

(  '.'III.kIm,   (>."> 

Russian,  5 1  ' 
Thistle  butterfly,  56 
Thorax,  76,  77 
Thorn  apple,  172,  ."> I.') 

Thousand-legged  worms,  77,  162,  164,  134,  160 
Thrasher,  brown,  food  of,  50 
Thread-legged  bugs,  19] 
Boale,  702,  703 
-waisted  \\  asp,  2 1 8 
Three-quarter-span  greenhouse,  255 
Three-weeks  spray,  586 
Threshing,  time  <>f,  451 
ThripidiB,  493,  592,  654,  710 
Thrips,  171,  184,  017,  654,  655 
citrus,  654 
flower,  123,  654 
greenhouse,  698,  710 
mouth  parts  of,  184 
pear,  185,  587,  592 
Thrij>s  tabaci,  103 
Throat  botfly,  70S,  776,  777,  779 
Thurberia  tin  spesioides,  412 
Thyreocoris  pttlicarius,  511 
Thyridopteryx  ephrmenrformis,  681 
Thysanoptera,  160,  171,  184 

characteristics  of,  185 
Thysanura,  139,  160,  171,  172 
characteristics  of,  173 
economic  importance  of,  172,  744 
Tibia,  78,  79,  80 
Tibirrn  linnet,  534 
Tick,  adobe,  812,  816 
castor-bean,  825,  842 
cattle,  23,  24,  788,  790 
dog,  782,  788,  791,  825,  842 
fowl,  24,  812,  816 
lone  star,  811,  842 

Rocky    Mountain,    spotted-fever,    19,    24,    25, 
167,  791,  811,  825,  842,  844 
estimated  loss  due  to,  33 
spinose  ear,  791,  811 

Texas-fever,  23,  24,  782,  783,  788,  789,  790 
Tick  fever,  23,  24,  788 
how  spread,  789 
-free  cattle,  791 
paralysis,  842,  843 
trefoil,  453,  454 
"Tick,"  horse,  768 

sheep,  136,  228,  802,  803,  804 
Ticks,  77,  83,  162,  101,  166 

economic  importance,  106,  788,  842 
how  to  remove  from  skin,  845 
-'  ed,  791 
traps  for,  si l 
Ticks  in  curs,  701 
Tiger  beetle,  195,  198 
and  soil,  27.", 
moths,  209 
Tillage,  230,  407,  115,  116,  137,  512 
Tillyard,  «.  J.,  54,  55,  122 
Timbers,  damage  to,  26,  29 


Time  of  attack  of  blaekflies,  833 
of  harvesting,  267,  894,  396,  397,  398,  100,  on, 

in.;,  in.,,  II.-,,  517 

of  kill,  234,  242 

of  planting,  variation!  in,  267,  353,  619 

of  shearing,  81  i 

of  threshing,  161 
Timing  of  dusts  and  sprays,  278 
Timothy,  313,  318,  324,  364,  371,  .'572,  378,  loo 

Tincture  of  larkspur,  85  1 

Tinea  peUionetta,  748,  710 
Tineida',  208,  718 
Tin  oil  a   hisrHirlln,   748 

Tingiche,  191 

Tipburn,  6,  14,  475,  476 

Tiphia,  146,  212 
Tipula  simplex,  378 
Tipulid  fly,  223 
Tipulidse,  227,  378 
Tissues,  photogenic,  45 
Toad,  70,  78,  155 
food  of,  276 
value  of,  276 
Tobacco,  31,  88,  321,  351,  416,  423-430,  435,  472, 

481,  488,  744,  745,  755 
Tobacco  beetle,  31,  424,  732,  744,  745 

bud  worm,    351,   423,    426,   427    (see   Corn   ear- 
worm)  . 
bug,  spined,  424 
Tobacco  crop,  estimated  annual  loss,  32 
diseases,  fungous,  424 
dust,  242,  717,  720  (see  Nicotine  dust). 
flea  beetle,  423,  424,  425,  438,  440 
fumigation,  259,  709,  720 
hornworm,  148,  150,  430,  488,  489 
leaf  miner,  423,  426 
splitworm,  423,  426 
suck  fly,  424 
webworm,  423,  428 
worm  (see  Tobacco  hornworm) . 
Tomato,  321,  351,  416,  425,  432,  434,  442,  445, 
448,    462,  472,  474,  476,  478,  481,  487-491, 
493,  498,  502,  512,  709,  712,  729 
Tomato  erinose,  488 

fruit   worm,   351,   488,   490,  491    (see   Corn    >nr- 

worm) . 
hornworm,   18,  64,  04,   103,   111,    120,  488,  489 

anatomy  of,  94,  103 
worm  (see  Tomato  hornu-orm) . 
Tongue  of  bee,  128 
Tools,  use  of,  by  insects,  215 
Toothed  flea  beetle,  326 
Top-feeding  goldfish,  832 

minnows,  832 
Topographic  features,  control  by,  230,  274 
Tortoise  beetle,  argus,  483,   1st 

scale  insects,  697,  700,  704  " 
Tortricida\  209,  .".7.",,  64  1 
Towels,  public,  852 
Toxin  of  ox  u arbles,  22 

Tuxoplrrn  um  milium,  307 
Toy-.    I.'.    I.; 

Trachea,  '.':;,  94,  95,  103 

Tracheal  trills,  96,   178,   179,  200,  202 

respiration,  96 

Tracheoles,  93,  95 
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Tru  non-driven  pump  outfits,  290 

due*  re,  293,  294,  ».'-7 
Trailer  for  duater,  296,  i  >7,  MM 
rranaformation,  period 

sformation  Btagi .  l  i-; 
Transitory  paraaitea,  21 
rranamiaaion  of  animal  diaeaaee,  22,  784 

nt  plant  riiftfianon.  13 
rranaportation  of  hull*  mite, 
Tranaverae  costal  veins,  211 
cubital  veins,  21 1 
lanoeolate  vein,  -'11 
radial  vein.  21 1 
Trap,  ant-lion,  201 
maggot,  v 
sand,  201 
window .  772 
Trap  crops.  425,  469,  493,  503 
Trapping,  608, 
Traps.  230,  24 
Traps  for  flies,  263,  860 

j>ost  hole.  349 
Trash,  destruction  of,  230,  126,  582,  621,  625,  629, 

817,  -  - 
Tree,  ash.  673, 

pepper, 
Tree  banding,  263,  556,  557,  572,  668,  692 
cricket,  egg-laying  of,  11.  12 
hatching  oi,  \M 
snowy.  132,  14 2.  637,  639 
songs  of, 
Tree  crickets.  11.  12,  132,  175,  410,  637   640 

mating  of,  175 
Tree  of  Heaven.  660 

tanglefoot.  400.  440,   ' 
Treebopper,  buffalo.  522,  537,  S  v 
.-laying  of,  11,  12 
nymph,  140 
Treehoppers,  11,  12,  186,   188 
Trees,  evergreen,  I 
forest.  ,*>07,  659   I 

do.  567,  659  695 
stimulation  of,  670 
spraying  of. 
Tremex.  pigeon.  62,  63,  212 
Trrmejc  col  umbo,  212 
Termitidss  7 
Trench  fever 
Trephining.  810 

Trialeitrodes  raporariorum,  700,  710 
Trio  torn  a  megista.  24 
protracta.  B    ' 
sanguisuga,  x 
Tribolium  confusutn,  7 

fcrrugincum,  7">4 
Trichina.  155 
Trichobaris  trinotata,    <v 
Trichodectes 
parumpilosus. 
scalaris.  ~  -  ■       v 
Trichodectida\  7"      784    807 
Trichogen  cell,  72 
Trichophaga  Ispstrails,  748 
Trichoptera.  51,  160,  171,  202 
Tripectinate  antenna 
Tripsacum  dactyloides,  343 


Triungulin,  175 

lro.ha.,1. 

two-eegmented,  79 
l  roohelminthes,  i  55,  160 
TronUncula,  8 15 

iialmhuati,  8  in 
Trombidiids),  S 
Tropical  fowl  mite,  l*>7.  81  I 

/ones,   insects  of,   27i< 

Tropidia  quadrata,  puparium,  150 

Truck  crops,  estimated  annual  lo-- 

msects  injurious  to,  431 
True  bugs,   188 
Trypanosoma  bruc<i,  24 
ga  mbit  >is, .  2  1 
rkodetit  ■  w  .  2  t 
Trypanosomas,  155 
Try  pet  id  By,  226 
Trypetidas,  228,  584 

'Tsetse  tins.  23,  24,   136 

Tsutsugamushi  disease,  24 

'Tube,  sac,   122 

Tuber  moth,  potato,  426,  471,   172,  481 

'Tuberculosis.   v 

Tubes,  Malpigluan,  89,  00 

ovarian,  101,  102 
Tularemia,  769 
Tulip,  723 
Tulip  poplar,  660 
Tumblers,  831 
Tumbu  fly,  22.  854 
Tunicates,  155 

Turkey  gnats,  772,  832  (see  Buffalo  gnats). 
lice,  812 
rod 
Turkeys,  817,  B18 
Turnip,  301, 338,  132,  134,  135,442,  W6,  178,  193, 

494   508 
Turnip  aphid,  495,  503,  504 
Turpentine.  262,  - 
Turtles.  155 

land,  and  chigj 
Tussock  moth,  687,  688 

white-marked,  524,  663,  687 
Tussock  moths,  209 

Twelve-spotted  asparagus  beetle,  515,  517 
Twig  borer,  peach.  594,  601 
girdler.  11.  12.  604 

g-laying  of,  11,  12,  1    9 
pruner,  oak  and  maple,  664 
Twine,  damage  to,   175 
Twisted-wing  parasites,  171,  199 
Two-cylinder  pump,  282 
-horse  duster,  203 
-spotted  lady  beet 
-striped  grasshopper,  330 
Tyloderma  fragaria;,  641 
Tylus.  189 
Tympanum,  76,  7 
Types  of  antennae.  83,  B4 
of  mouth  parts,  171 
of  reproduction,  135 
Typhoid  fever,  24,  855. 
Typhus  fever.  24,  850,  852 
Typical  arthropod  segment,  108 
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Typical  weevils,  100  iphortu  Porta). 

TyroglyphidjB,  723,  B48 

Ti/rni/li/jitius  farina,  7.">2 
Imujinr,  752 

,  752 


r 


Umbrella  plant,  708 

Unarmored  scales,  652 

Unoooked  food-,  danger  of,  S55 

Underbrush,  cutting  of,  847 

Ungues,  76,  222 

Uniform  inspection  laws,  271 

Unslaked  lime,  2*5 1 

Upholstered  furniture,  31,  7ii,  7if>,  74S 

I'ppcr  lip,  109  (sec  Labrum). 

Uranotea  mtlinus,  409 

Urea,  92 

I'ric  acid,  92 

Urinary  products,  91 

Urino-genita]  diseases,  16 

United  States  Bureau  of  Biological  Survey,  276 

Useful  insects,  table  of,  35 

Uterine  glands,  228 


\  >  ronica,  51  l 
Vertebrate  *,  1 55 

nlanrnici  of,  156,  B»0 

Vertex,  100,  1 10,  186 

Vertical  triangle,  222 

It  b,  seminal,  101 

Ves/iu  macuiata,  215,  216 

■l:i',   21  B 

Vespoid  digger  wraps,  218 
Vetch,  305,  116,  152 
Viability  or  sperms,  101 

Vinca,  704 

Vinegar,  v">} 

Vineyard  traction  d  . 

Violets,  448,  712 

Virginia  creeper,  625,  626,  627,  677 

Viscosity,  250,  7  2k 

Vision,  insect,  84,  99 

mosaic,  99 
Visual  end-organs,  99 
Vitamines,  92 
Vitelline  membrane,  133 
Viviparous  reproduction,  13."),  130,  226 
Volatility,  250 

Volunteer   plants,   destruction   of,    230,   362 
370,  403,  486,  516 


W 


Vacuum  fumigation,  256 

Vagina,  89,  102 

Valves,  283,  284 

Variable  louse,  S12 

Variation,  153 

Variegated  cutworm,  265,  323,  397,  39S,  428,  490 

Varieties,  early,  415,  451,  600 

resistant,  230,  268,  364,  518,  632,  659,  7S4 

susceptible,  805,  810 
Varieties  of  mouth  parts,  120 
Variety,  161 
Varnishes,  42 

deferens,  90,  101,  102 
Vaseline,  795,  821,  854 

carbolated,  821 
Vat  for  dipping,  800 
Vegetable  crops,  estimated  annual  loss,  32 

flies,  baits  for,  239 

gardens,  insects  injurious  to,  431    .">l'i 

oils,  250,  251 

-oil  soap,  251,  252 

seeds  crop,  estimated  loss,  32 
Vegetables  under  glass,  estimated  loss,  33 
Veils,  832,  834 
Veins,  81,  211,  222 
Velvet  ants,   17,  218,  826 
Venom,  mosquito,  16 

methods  of  applying,  16 
Venomous  insects,  10 
Venoms,  16,  215 
Venter,  189 

Ventilating  after  fumigation,  254 
Ventral  nerve  cord,  -  I 
Ventriculus,  89 

trutn  album,  238 

rirul,-,  i 
Verniorel  nozzle,  2^7,  2^ 


Walking  leaves,  176 

sticks,  36,  105,  171,  176 
Wall,  body,  72 
Wallflower,  500 
Wallows,  hog,  800 
Wallpaper,  injury  to,  30,  744 
Walnut,  434,  685,  717 

English,  568 
Walnut  caterpillar,  663,  685,  686 
Walton,  W.  M.,  67 
War  with  insects,  1 
Warble  flies,  15,  791 
Warbles,  ox,  252,  791 
injury  by,  20,  21 
Warehouses,  insects  in,  761 
Warning  coloration,  105 
Warning  of  insect  outbreaks,  277 
Washing  of  legs,  808 
Wasp-like  parasite. 
Wasps.  17,  59.  129,  171,  209,  214,  21*.  S20 

braconid,    59,     63,    214,     218, 

chalcid,  59,  61,  218 

digger,  212,  218 

egg-parasite,  .">'.»,  60,  218,  320 

ichneumon,  50,  63,  7".'.   . 

parasitic,  53,  88 

various  kinds,  21  8 
W   isfc  -     f  metabolism,  88 

disposal  of,  8 
•  Due,  88 
Water,  boiling, 
Water  boatmen,  191 

bug,  giant.  I'M).   191 

■en  202 

elm. 

flea.   162 

sca\.  Lie,  giant,  132,  106 
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\\  ater  Boorpiont,  191,  827 
iluble  arsenic,  232 

sprouts,  destruction  of,  658 

■(rider,  190,  191 
Watering,  670,  713 
Watermelon,  302,  432 
\\  atermelon  in  baits,  238 
Wax,   II,   12,  (148,  701,  700 

sealing,  i- 
\\  :i\  glands,  92 

-pulK'ii  mass,  219 
W  ays  insects  arc  injurious,  2 
Weather  and  green  bug,  368,  369 

and  insects,  392,  45t>,  548,  508 

and  lice,  81  8 
Weather,  effect  on  cutworms,  277 
on  insects,  274,  277 
on  spraying,  270 
Web-spinning  sawfly,  613 
Webbing  clothes  moth,  748 
Webster,   l\   M  ,  344 
Webworin,  cabbage,  501 

corn,  321,  428 

fall,  524,  564,  663 
nest  of,  51)4 

garden,  381,  396,  508 

parsnip,  508,  509 

tobacco,  423,  428 
Webwornis,  sod,  205,  299,  324,  325,  378 
Weed,  Jimson,  425,  448,  472,  480 
Weeds  and  insects,  36,  64 

destruction  of,  230,  320,  337,  304,  397,  421,  437, 
440,  445,  447,  4S1,  494,  408,  503,  510,  511, 
514,  519,  530,  612,  714 
Weevil,  alfalfa,  3S0,  387,  388 

apple  flea,  523,  558 

boll,  8,  13,  111,  290,  400,  411,  412 

broad-bean,  734,  764 

carrot,  509 

chestnut,  egg-laying,  136 

clover  bud,  265,  380,  390,  391 

leaf,  150,  265,  380,  385,  38(1,  387 

common  bean,  765 

cotton  boll,  411   (see  Boll  weevil). 

eowpea,  382,  408,  734,  765 

-pod,  410 

cyclamen,  723 

four-spotted  bean,  382,  408,  734,  765 

granary,   146,  275,  733,  753 

lesser  clover  leaf,  390  (see  CloVtT  hud  weevil) . 

pea,  199,  449,  734,  763,  764 

rice,  733,  753 

spotted  bean,  705 

strawberry,  11,  12,  136,  641,  643 
root,  644 

sweet-potato,  483,  486 

white  pine,  titil 
Weevils,  8,  171,  193 

bean,  199,  449,  734,  703,  764,  765 

New  York,  521,  532 

typical,  199 
Western  army  cutworm,  398 

CUOUmber  beetle,  459 

cutworm,  pale,  277 

wheat-stem  sawfly,  355,  372 
Westinghouse  air  brake,  27 


\\  i  i  mange,  778 

meadows,  draining  of,  770 
Whale,    155 

Whale-oil  soap,  252 

\\  heat,  265,  303,  338,  346,  354   377,  380,   185,  .",11, 
753,  758 

safe  date  for  sowing,  208,  363 
Wheat  billbugs,  .Ml 

crop,  estimated  annual  loss,  32 

-head  army  worm,  265,  35."),  371,  378 
midge,  265  (see  Wheat  midge). 

jointworm,  205,  355,  374  377,  MS 

midge,  354,  365 

sawfly,  265,  355,  373 

-stem  maggot,  265,  35  1,  3C4,  378 
sawfly,  146,  265 

Western,   1  Iti,  265,  3:,;,,  372 

strawworm,  355,  373,  .57  I 

wireworms,  355,  356 

yields  and   Hessian  fly,  208 
Wheel  animalcules,  155 
Wheelbarrow  sprayer,  280,  28] 
Whip  scorpions,  162 
Whipworm,  855 
Whirligig  beetles,  198 
White  and  sulfur  butterflies,  209 

ants,  171,  180,  732,  739,  740  (see  Termite*). 

arsenic,  234,  236,  238,  310,  331 

ash,  659,  660 

-banded  cherry  fruit  fly,  226 

birch,  665 

clover,  382 

elm,  670 

grubs,  36,  60,  205,  276,  209,  306,  307,  309,  354, 
358,  378,  433,  459,  471,  519,  611,  640,  699, 
723 
as  food,  50 
years  of  abundance,  309 

hellebore,  238 

lilac,  675 

-marked  tussock  moth,  524,  663,  687,  689 

oak,  660 

-oil  emulsions,  212,  726 

pine,  660 
weevil,  661 
Whiteflies,  188,  648,  650,  657 
Whitefly,  citrus,  657 

cloudy-winged,  657 

greenhouse,  698,  709,  710 

spiny  citrus,  657 

sweet-potato,  483 

woolly,  657 
Whooping  cough,  45 
Whorl  chamber,  287 
Wild  animals,  769,  796,  829 

bees,  48 

birds,  815 

carrot,  428 

cotton,  412 

lettuce,  400 

mustard,  498 

sunflower,  302,  396,  421 
Willow,  434,  565,  592,  651,  666,  672,  075,  677,  685 
Willow  borer,  mottled,  661 

leaf  beetle,  662 
Wilt,  bacterial,  459 
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Will,  cucurbit.   1  I.  459 

Wilt  disease,  500 
Wind-pollinal  ion,  16 
W  : i n  1  • . w   trap,  772 

Windsor,  Margaret ,  66 
W  inn  buds,  103,   1  II,  L43 

Winn  louse,  Si  2 

of  butterfly,  81 

pads,   Ml,   1  1.5 
sacs,  81 
scales,  203 
-shaped  muscles,   103 

Winged  ants,  736 

elm,  658 
invertebrates,  80 

Wingless  females,  682,  688 

insects,  80 

primitively,  172 
June  buns,   I  10 
May  beetles,  410 
Wings,  80,  81 

development  of,  81 

use  of,   80 

Wings  of  bat,  81 

of  bird,  81 

of  honeybee,  210 
Wireworm,  corn,  411 

cotton,  411 
Wireworms,  265,  298,  303,  304,  354,  355,  378,  423, 
432,  450,  459,  471,  519,  699,  723 

baits  for,  433 

false,  265,  354,  356,  357 

wheat,  355,  356 
Wireworms  and  soil,  275 
Winter  burning,  348,  366,  425,  603,  673 

nest  of  brown-tail  moth,  694 

plowing,  339,  344 

sprays,  246-252 
and  freezing,  279 

-strength  lime-sulfur,  248 
Witch  hazel,  565 
gall,  spiny,  9 
Winthemia  quadripustulata,  60 
\Y ufdfahrtia  vigil,  855 
Wolbach,  S.  B.,  843 
Wood,  H.  P.,  815,  819,  820 
Wood,  contact  with  soil,  741 

pests  of,  30,  739 
Wood  ants,  180  (see  Termite*  and  Carpenter  ant). 

borers,  metallic,  198,  660,  664 

-burrowing  ant,  735 

chucks,  843 

preservative,  262 
Woodpeckers,  276 

food  of,  50 
Wool,  748 

maggots,  810 
er  gall,  9 
\\  oolen  goods,  ~  16 
Woolly  apple  aphid,  6,  10,  522,  550,  561,  662,  679 

bear,  yellow,  717 

caterpillar!    Ill,    *  I  * » 

whitefly,  667 
Worker  ants,  7:<1,  736 

bees,  40,  11 

caste,   L'18 


Worker  honeybee,  131 

termites,    181,   710 

Worm,  army,   i,  50,  ill,  205,  209,  318,  310,  365, 
370,  37X,  379,  881,  510 

bag-,  681 

i  irpenter,  681,  671,  t;72 

cotton-leaf,  205,    110,  416,    117,  505 

cross  striped  cabbage,  501 

dark  meal,  733,  756 

fall    army,    132,    265,    200,    308,    110,    435,    bit) 

false  bud,  423,  427 

grape  root-,  619,  622 

grass,  435  (see  Fall  army  norm). 

green  clover,  Ml,  205,  381,  395,   107 

horn-,  64,  94,  103,   123,  420,  488,  VM 

imported  cabbage,  01,   19  1,  495,  406,   197 

lesser  apple,  525,  573 

melon,  458,  470 

pickle,  458,  468,  109 

purple-backed  cabbage,  501 

round,  75,  855 

screw,  22,  239,  781,  795,  796,  798,  802,  803,  855 

silk-,  36  (see  Silkworm). 

tobacco  bud,  351,  423,  426,  427  (see  Corn  <nr- 
worm). 

tomato,    18,    94,    103,    488    (see    Tomato    horn- 
worm)  . 

tomato    fruit,    351,    488,    490,    491    (see    Corn 
earworm) . 
horn-,  488  (see  Tomato  hornworm) . 

wheat-head  army,  265,  355,  371,  378 

whip-,  855 

yellow  meal,  733,  756 

yellow-striped  army,  398 
Worming,  527,  529,  599,  601 
Worms,  75,  206,  829, 

bud,  524,  563,  312 

caddice-,  51,  104,  202 

canker,  555,  557  (see  C  anker  worms) . 

eel,  728,  729 

gooseberry-fruit,  637 

green  fruit,  525,  574 

hundred-legged,  77,  162,  163 

measuring,  55,  215,  555,  557 

overflow,  312 

palmer,  525 

thousand-legged,  77,  162,  164,  131,   150 
Worms  in  carcasses,  797 
Worthley,  H.  N.,  468 
Worthley  nozzle,  288,  289 
Wounds,  insects  attacking,  22,  802,  810 
Wren,  food  of,  50 
Wrigglers,  830 


Xenoa  veeparum,  199 
Xylocopidse,  219 

Xyphu-,    189 


if  arrow,  MX),  515 

Ye.iM  ,  injury  to,    ;  I 
Yellow-bear  caterpillar,    1  1 1 


•Us 


DESTRUCTH  E  AND  I  SBFl  I  issuers 


Yellow  fever,  24,  828 
mosquito,  24,  828, 
jacket*,  218 
meal  worm,  7'A.l,  756 
-necked  caterpillar,  524,  566,  567 
oxide  of  mercury,  8  i  I 

■Striped  army   worm,  :WS 
H  oolly  hear,  717 
V  ew,  649 

Yields  of  wheat,  2tiS 

Yolk,  133,  134,  135 
\  oung  of  insects,  152 
of  Boorpions,  168 


/.  ra  pi/rifui,  07.1,  ti7.'< 

Zinc  arsemte,  234,  235,  -'.{7 

oxide,  853 
Zinnia,  474 
Zone,  barrier,  ti'.tJ 
Zoophagous  inseots,  19 

parasites,  19,  .r>'i 
Zophodia  fruition iilla,  IYA7 

gro$8ularia,  t>^7 
Zoraptera,  171 
Zygoptera,  170 
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